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ABSTRACT 
 This thesis tests the ion-selective electrode fluorine dating method on the remains from 
the Maya mortuary site Caves Branch Rockshelter (CBR) in Belize. CBR is a cemetery 
containing at least 400 burials from the late Preclassic to the Postclassic periods. The intensive 
use and reuse of the site has disturbed the burial matrices, making it difficult to seriate the 
burials.  
 Fluorine dating analyzes the amount of fluorine that has accumulated in bone over time. 
In principle, an older burial will contain more fluorine from groundwater than a more recently 
buried bone; however, this principle must be tested at each site as fluorine absorption is affected 
by many environmental factors.  
 The results indicate fluorine dating is a viable method for seriating burials at CBR. 
However, comingling and poor preservation of the remains make interpreting the data difficult. 
Better dating resolution may be achieved with additional radiocarbon assays and specialized 
excavation techniques. 
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CHAPTER I 
INTRODUCTION 
 Understanding culture change through the seriation of burials, artifacts, and other remains 
of prehistoric activities is at the heart of modern archaeological endeavors and is what makes 
possible the "comprehensive study of prehistory" (Trigger 2006:121). Archaeologists have 
discovered numerous possible ways to measure change over time, using ceramic chronologies, 
dendrochronology, radiocarbon dating, stratigraphic seriation, or obsidian hydration dating; 
however, the materials needed for some of these methods may not be present at the 
archaeological site of interest. This is a common phenomenon found in many Maya mortuary 
sites, which hold large amounts of data that are relatively untapped. Fluorine dating is a relative 
dating method that may be able to fill this gap by allowing archaeologists to seriate burials 
directly rather than relying on diagnostic artifacts. This thesis shows that fluorine dating is a 
viable method for seriating burials at the Maya mortuary site Caves Branch Rockshelter (CBR) 
and may be useful for providing seriation at other sites in order to increase our understanding of 
regional patterns of social interaction. 
MAYA ARCHAEOLOGY AND BURIAL CONTEXTS 
 Human remains were not initially a source of information sought by Maya archaeologists. 
The Maya interred their dead in residential structures, public architecture, caves, cenotes, and 
rockshelters. Mortuary sites often are interpreted as sacrificial contexts instead of key sources of 
information about Maya health and burial practices (Cucina and Tiesler 2007:2–3). Some basic 
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questions, such as the duration of site use and temporal burial patterns, remain to be answered at 
many sites. Cave and rockshelter sites in particular could benefit from new dating methods 
because they usually lack temporally diagnostic features like construction phases, and the other 
constituent artifacts and human remains are often disturbed beyond the point of stratigraphic or 
artifact seriation. For example, there are no published radiocarbon dates from Gordon's Cave 3 in 
Honduras, leaving the time span of the approximately 700 burials uncertain (Scott and Brady 
2005:272). Barton Creek Cave in Belize lacks burial goods, which limits the dating of burials to 
their association with ceramics found nearby (Owen 2005:329). Similarly, the many bones 
recovered from the Cenote at Chichén Itzá cannot be carbon dated due to the contamination of 
the submerged remains (Tiesler 2005:348). This thesis describes how we interpret Maya 
mortuary contexts and how the ambiguity inherent in these sites limits our understanding of the 
ancient Maya. It would be useful to Maya archaeology to develop methods that directly utilize 
human skeletal remains to allow an increased understanding of these types of sites by allowing 
us to seriate these human remains and see changes in mortuary practices through time. 
FLUORINE DATING AT CBR  
 The Maya mortuary site called Caves Branch Rockshelter (CBR), located in the Caves 
Branch River Valley in Belize (see Figure 1), contains a unique demographic profile of Maya 
remains that may give insight into Maya mortuary practices and use of rockshelters and caves 
over time. This site is unique because the individuals at CBR seem to represent a non-elite, local 
population. Elite burial sites often receive more attention but provide less information about 
typical Maya populations. Additionally, Maya cemeteries are quite rare, and CBR is the only 
rockshelter site in the Caves Branch River Valley that contains such a large burial assemblage 
(Hardy 2009:134).  
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 The environment in central Belize where this study took place is a subtropical rainforest 
with karstic topography and soils. This means that the soil is mildly acidic and relatively warm 
and wet all year round.  The region is described as containing limestone that has been turned into 
"porous Swiss cheese" by the acidic ground water (Miller 1996:104–110). The acidity of the soil, 
abundance of water, and warm temperatures all facilitate fluorine mobility and absorption 
(Gaschen 2005:130; Neuman and Neuman 1958:97). 
 Unfortunately, CBR exhibits burial and burial matrix characteristics that leave the 
archaeologist with few options to understand when the site was used and for how long. The site 
lacks a uniform stratigraphy, many of the burials have been disturbed and/or are comingled, and 
the ceramic and lithic artifacts cannot be reliably attributed to any one burial (Wrobel and Tyler 
2006:7). A small number of burials show contextual relationships, and nine radiocarbon dates 
have been obtained from human bones at the site. In order to obtain as much information as 
reasonably possible, I decided to test the efficacy of using fluorine dating at CBR. If successful, 
it may be possible to create an incredibly detailed account of ritual events that took place at the 
site. 
 The method of fluorine dating selected for this thesis utilizes a fluorine-ion selective 
electrode, which measures the fluorine ion activity in a solution of dissolved bone. There are 
several different configurations of solutions and procedures that can be used to accomplish this 
goal. In particular, I used a variation of the method used by Schurr (1989:266), which is 
described in detail in Chapter IV. The variations of the method used in this thesis are described 
in Chapter V.  
 My study used a sample of 126 specimens that I selected from the collection of remains 
excavated from CBR as part of the Belize Valley Archaeological Reconnaissance Project under 
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the direction of Juan Luis Bonor from 1994 to 1996 and Gabriel Wrobel from 2005 to 2007. This 
collection was curated in the Kinard osteology laboratory at the University of Mississippi. These 
specimens were selected specifically to allow for comparison among burials, along with a 
number of samples that I used to evaluate the method and resolve questions about the results. As 
is common in archaeological contexts, and especially this one, many burials were missing bone 
elements, and as a result not every burial could be compared directly to another, as different 
types of bone may absorb fluorine at different rates. 
FLUORINE DATING 
 Fluorine dating is a relative dating method that determines age by comparing the amount 
of fluorine in one burial relative to other burials at a site. After initial interment, an individual’s 
bones slowly absorb fluorine from the groundwater into the crystal structure of the bone by 
replacing the hydroxyl ion of the original hydroxyapatite with a fluorine ion, resulting in 
fluorapatite. This new chemical bond is stronger than the original compound and resists 
dissolution (Neuman and Neuman 1958:97,98). This is why fluorine is added to drinking water 
to help prevent cavities (Neuman and Neuman 1958:97). Over time, the amount of fluorine may 
increase, and under appropriate conditions this will result in older burials containing more 
fluorine than younger burials. 
 The concept of fluorine dating was first researched by John Middleton in 1844. 
Middleton (1844:431–433) proved that the level of "fluoride of calcium" within bone increased 
with time after burial. Fluorine dating was, perhaps most famously, used in debunking the 
Piltdown Man hoax when Oakley (1948:336) demonstrated that the mandible contained a 
significantly different amount of fluorine than the cranium. Since then, several different methods 
for measuring and analyzing fluorine amounts have been developed. Overall, fluorine dating has 
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been a little-used dating technique. This is perhaps due to its seemingly non-controlled nature of 
testing and susceptibility to all manner of errors that can spring from environmental variation, as 
well as unknown sources of variation. However, efforts are being made to better understand 
these processes and make fluorine dating more reliable. Fluorine dating, in the meantime, is 
tested at every site before use. Two Maya sites within the same physiographic region as CBR, 
Chau Hiix (Wrobel:2007) and Tipu (Jacobi:2007), have shown varying levels of utility in the 
method.  
 Fluorine dating is significantly cheaper and faster than radiocarbon dating, and it can 
potentially produce a more refined chronology – to spans of 20 years in some cases - than C14 
dating traditionally could (Schurr and Gregory 2002:292), though high precision radiocarbon 
dating is now more accurate (e.g. Kennett et al. 2013). However, fluorine dating can be 
accomplished in most chemistry laboratories and may be completed in time to obtain results 
during an excavation. 
 Fluorine dating does have limits. There are many cultural and environmental conditions 
that can affect fluorine absorption. Environmental factors include moisture, soil composition, 
acidity, fluorine availability, and temperature, while cultural factors include the type of burial 
(primary as opposed to secondary), material remains such as red ochre (iron), and other factors 
that remain undiscovered. While some of these factors, such as temperature, acidity, and 
moisture, have been shown to correlate with fluorine amount, it is the differing combinations of 
these factors that cause the most confusion. In fact, people who study bone mineral have 
difficulty describing this ion exchange or even the physical and physiological nature of bone 
mineral itself (Hedges and Millard 1995:158; Neuman and Neuman 1958:39,55). Even the name 
'apatite' is derived from the Greek word for deceit. 
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 Therefore, fluorine dating must be tested using statistical correlations among the values 
and burial contexts at each site. This can be done by comparing fluorine amounts between burials 
that can be temporally distinguished by other methods of dating such as carbon dating or 
superpositioning. If successful, the results cannot be applied to any other site as the variables 
may change in each new location. 
SUMMARY 
 In this thesis I review the history and development of fluorine dating methods as well as 
the evolving understanding of fluorine interaction with bone in archaeological contexts. I provide 
a brief overview of Maya bioarchaeology and show how it can contribute to a better 
understanding of Maya society through improved methods of observation such as fluorine dating  
at some exemplary Maya sites. I describe the archaeological context at CBR, including the 
history of excavation and subsequent analysis of the data obtained from the site. I then explain 
the particular fluorine dating method to be used in detail. I review the results using statistical 
analyses as well as straightforward comparisons of the data to show how the method worked. 
Then, I discuss how this thesis relates to other fluorine dating attempts, describe the limitations 
inherent in using this test at CBR, and explain my argument for its utility in seriation of burials at 
the site. Last, I show how this research can address questions such as finding the time span for 
activity at the site and testing for hiatuses in use at CBR.  
 Using 11 contextual relationships among 17 burials features, and correlations from nine 
radiocarbon dated burial features, I found that fluorine dating can be used at CBR. 
Unfortunately, until the comingling and disturbance of the burials can be better understood, the 
use of fluorine dating will remain limited in terms of determining the temporal resolution of this 
dating method at CBR. A series of especially controlled tests may be able to resolve this issue. 
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Figure 1: Map of Upper Belize Valley 
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CHAPTER II 
INTERPRETATIONS OF MAYA BURIAL CONTEXTS 
 Understanding when the Maya used the Caves Branch Rockshelter, and how the burial 
patterns changed over time, is critical to our interpretation of the social structures that governed 
who used CBR and how long it was used as a burial location. There is significant variation 
among Maya burial contexts, and different interpretations of how the Maya used caves and 
rockshelters as mortuary locations. A select overview of Maya burial practices provides context 
for CBR, with a focus on caves and rockshelters in Belize. 
 The Maya buried their dead in myriad locations, including households, patios and plazas, 
cists and cenotes, ball courts, and temples. Maya archaeologists often focus on elite burials and 
the information they provide. For example, the fifth edition of The Ancient Maya (Sharer 1994) 
describes only elite burials with the exception of the Cenote of Sacrifice at Chichén Itzá, for 
which only the presence of human bone is noted. This is due to a combination of factors 
including the complexity and overall poor preservation of human remains at Maya sites that 
induced many archaeologists to focus on data sourced from Mayan texts, iconography, historic 
ethnographies, and the abundant cultural material at many Maya sites (Webster 2009:7–8). 
However, archaeological research directed at understanding Maya burial contexts is incredibly 
diverse, including both theoretical and methodological foci, such as applications of bone 
chemistry to diet and migration or the application of ethnohistoric sources to interpret cave and 
rockshelter use (Scott and Brady 2005:278; Cucina and Tiesler 2007:2; Webster 2009:9; Wrobel 
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et al. 2014). An overview of research in the eastern Maya lowlands provides a background useful 
for interpreting the burial contexts at CBR. 
CATALOGING VARIATION 
 Tiesler (2007:14) puts human remains into three broad categories: primary burials, cache 
remains, and isolated bone scatters. Primary burials are defined as disturbed or undisturbed, but 
are mostly anatomically complete burials found at many sites where individuals are interred in 
and around house foundations, in platforms of ceremonial sites, temples, cists within 
construction fill, and  simple interments in the ground near residential complexes from Preclassic 
Cuello (Saul and Saul 2009:28), to Classic period Xunantunich, Hershey, and Pakal Na 
(Freiwald et al. 2014:112; Harrison-Buck et al. 2007:95), and Postclassic Santa Rita Corozal, 
Tayasal (Webster 2009:15–21), Tipu, and Moho Cay (Musselwhite 2015:44). At these sites, 
primary burials include single and multiple interments, secondary partial and complete burials, 
and disturbed burials. This demonstrates the variation in burial practices in the eastern Maya 
lowlands where CBR is located throughout time. 
 Cache remains include scattered, grouped, or incomplete individuals that were placed for 
a non-funerary purpose. Tiesler (2007:14,15) notes that some cache remains could be considered 
ceremonial artifacts. Two good examples of this come from Moho Cay, in eastern Belize, and 
Pakal Na, in the Sibun River Valley. A burial pit in Pakal Na contains approximately five 
individuals with one central individual, who is well preserved and almost fully articulated, 
surrounded by other disarticulated secondary interments. The skull of the central individual was 
found on a nearby earthen shelf where it sits among other burial objects and bones. Additionally, 
some of the bones of the central individual have been removed and altered by painting and other 
means and then carefully put back anatomical position (Harrison-Buck et al. 2007:95). This is a 
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good example of human remains being removed and used as ceremonial artifacts for the 
veneration of an ancestor or for some other ceremony. Another example of cache remains is 
found at Moho Cay in eastern Belize (Musselwhite 2015:36). At Moho Cay the deceased were 
buried in small pits near the house structures; however, when the population moved, these 
remains were exhumed and reinterred at the new location.  
 Tiesler (2007:15) describes isolated bone scatters as unspecific and problematic deposits. 
These may include remains that were disturbed either on purpose or inadvertently for a variety of 
reasons. One example of this comes from the Hershey site in the Sibun River valley. At the 
Hershey site, a collapsed building contained scattered remains believed to have been exhumed 
from nearby ossuary features and thrown in place shortly before the collapse of the structure 
(Harrison-Buck et al. 2007:79,80). This is perhaps a desecratory act performed by a conquering 
faction. Other hypotheses about these remains may point to sacrifice. The ambiguity of this 
burial context makes the remains difficult to interpret and is therefore considered a problematic 
deposit as opposed to cache remains. Another example of isolated bone scatters are the remains 
noted in the construction fill of many Maya sites as well as the burials that are simply too poorly 
preserved to interpret (Webster 2009:5,8). 
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 These categories of burials include a variety of ritual actions. However, interpretations 
that distinguished between funerary, post-sacrificial, or desecratory deposits, with a 
consideration of taphonomic variables, have proven to be ambiguous upon reexamination 
(Harrison-Buck et al. 2007:74; Lucero and Gibbs 2007:50; Scott and Brady 2005:266; Serafin 
and Lope 2007:236). The type of ritual action and the category the remains best fit are crucial to 
our understanding of burial practices in the eastern lowlands. Identifying trends in ritual use 
through a variety of contexts allows for a better understanding of a variety of Maya sites, such as 
caves and rockshelters. 
CAVE AND ROCKSHELTER MORTUARY SITES 
   Cave and rockshelter mortuary contexts are most relevant for this thesis. Actun Tunich 
Muknal is a mortuary cave site in Belize believed to have been used from the Early to Late 
Classic periods (Lucero and Gibbs 2007:54,55). Fourteen individuals were documented, most of 
which had been deposited directly on the ground surface. The site had been looted and lacks any 
associated grave goods. Three of the burials are articulated; however, the environment of this 
cave has resulted in the buildup of calcium carbonate on the bones (Lucero and Gibbs 2007:59). 
The calcium carbonate inhibits analysis of many of the bones, as well as prevents carbon dating. 
This along with the lack of diagnostic grave goods limits the ability to date the site. 
  Handprint Cave, which is located near CBR, presents a similar dilemma where burials 
are hard to date, and thus burial contexts at the cave are difficult to interpret. Handprint Cave 
contains seven burials, all of which are primary interments that were placed by digging through a 
plaster floor (Lucero and Gibbs 2007:63). This site has been looted, resulting in artifacts and 
bones being strewn across the surface, and subsequently no diagnostic artifacts are associated 
with any of the known burials (Lucero and Gibbs 2007:60; Wrobel et al. 2017). In addition, 
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isolated bone fragments found on the surface do not appear to be derived from the disturbed 
burials and thus were likely deposited by other visitors to the site, like many ceramic sherds 
were. Ceramic sherds with almost no other associated pieces from the same vessel, the scattered 
secondary interments, as well as the long span of time diagnosed by the variety of ceramic 
technologies, suggest that these types of sites were a stop along some type of pilgrimage or ritual 
pathway. Artifacts may have been removed from one site and scattered to one or more other 
sites. Most caves , such as Overlook Cave, contain similar - although not exclusively - this type 
of deposit. (Wrobel et al. 2013:132,133). 
 Some rockshelters appear to have clear associations with nearby sites. Saki Tzul, Mohibal 
Kanchi, and Mayahak Cab Pek are three rockshelters containing mortuary contexts believed to 
be associated with the nearby Maya site of Ek Xux in the Maya Mountains of southern Belize. 
These three rockshelters contain a variety of primary interments as well as one stone lined 
"ossuary pit" that contained dense comingled bones (Saul et al. 2005:297–303). Carbon dates 
from the primary interments at two of the rockshelters indicate Late Classic use and the ossuary 
pit is associated with the Middle Preclassic period. However, dating is sparse at these sites and a 
better understanding could be gained from increased burial seriation. 
  There are also more unique burial contexts, such as the approximately 700 cremated 
and/or disturbed burials found within one chamber at Gordon's Cave 3 at Copan (Scott and 
Brady 2005:272). Cave and rockshelter sites in particular were utilized primarily for ritual 
activities (Hardy 2009:47). The patterns of phases of construction and sequences of habitation 
are largely absent from these types of sites. The many unique, patterned, and ambiguous burial 
contexts throughout the Maya world reiterate the need for new methods and more research on 
this topic.  
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SITES IN RELATION TO CBR 
 Small stable communities were located in the Caves Branch River Valley beginning in 
the Middle Late Formative period and lasting through the Late Classic. During the Late Classic 
period, sites such as Deep Valley and Xubzulima with house mounds and plazuelas appeared 
suddenly in the Caves Branch River Valley (Wrobel et al. 2009:203,204) (see Figure 2). 
Throughout this time the many caves and rockshelters in the area were used for a variety of ritual 
activities (Hardy 2009:4,132). Xubzulima, which is approximately 100 meters from CBR, is 
likely the local polity whose constituents, and preceding local ancestors, contributed to the burial 
population at CBR (Hardy 2009:109). Many other rockshelters and caves in the Caves Branch 
River Valley contain similar artifact assemblages containing many ceramic sherds, jute snail 
shells, etc. CBR, however, also has burials and complete ceramic vessels (Hardy 2009:132). 
Hardy (2009:134) reasons that the proximity of CBR to Xubzulima is what resulted in the unique 
use of CBR as a cemetery. The non-elite, local use of the rockshelter is also supported by the 
presence of utilitarian ceramic wares, as well as net weights, bones of local fauna, chert flakes, 
and jute snail shells (Wrobel et al. 2007:189). 
CONCLUSION 
 Complexity in Maya burial practices is found both at sites and in caves and rockshelters. 
However, non-burial mortuary explanations are more often attributed to caves and rockshelters. 
A better understanding of burial contexts at CBR will improve our understanding of the human 
remains and artifact assemblage, and more broadly contribute to an understanding of how these 
contexts fit within the broader Maya mortuary program. The fluorine dating method may allow 
for a better understanding of temporal patterns of site use. 
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Figure 2: Map of Caves Branch River Valley 
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CHAPTER III 
CAVES BRANCH ROCKSHELTER 
 The Caves Branch Rockshelter (CBR) is located in the Caves Branch River Valley in 
central Belize. The site is situated at the bottom of a limestone cliff face extending 10 meters into 
the cliff, forming the rockshelter, and extending 35 meters in length (see Figure 3). There is also 
a small cave in the cliff face above the rockshelter (Glassman and Bonor 2001:3) and a small 
cave at the back of the rockshelter that extends several meters further into the cliff face. The 
ground surface within the rockshelter is relatively flat. Near the entrance of the shelter are the 
remains of five mounds. Glassman and Bonor (2001:2,3) note that there may have been as many 
as 15 mounds that were destroyed by bulldozing activity on nearby farmland. 
  The site is located in a subtropical environment with generally mild temperatures and 
plentiful rainfall. The geology and topography is that of a karst system which has limestone 
based soils with mild acidity. The general climate and topography has had an effect on the site; 
that is, it has been affected by erosion from water running over the surface during heavy rainfall, 
as well as natural bioturbation from plants, animals, and looters (Wrobel and Tyler 2006:3). The 
soil becomes saturated and drains quickly after a rainfall. These characteristics of acidity and 
water flow make this site a good candidate for fluorine dating. 
ARCHAEOLOGICAL INVESTIGATIONS AT CBR 
 By the time the Belize Valley Archaeological Reconnaissance Project had done an initial 
discovery and evaluation of CBR, the site had been looted at least four times (Glassman and 
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Bonor 2001:3). Monitoring showed that the site was continually being disturbed by looting, 
animal activity, and erosion "at a rapid rate" (Glassman and Bonor Villarejo 2005:285). The 
Belize Institute of Archaeology decided to begin a series of excavations to record the "prehistoric 
cultural use of the rockshelter and biological description of its inhabitants" (Glassman and Bonor 
Villarejo 2005:285). In 1994, Juan Luis Bonor was put in charge of the excavation and study of 
the rockshelter with the support of the Belize Valley Archaeological Reconnaissance Project 
(BVAR). Initial site testing in 1994 resulted in the excavation of thirty burial features. The 
following year, Bonor created the Caves Branch Field School in order to intensify work at the 
site. Bonor worked to record what was present before more looting and bulldozing activities 
completely disturbed the site (Glassman and Bonor 2001:3). In essence, this was a salvage 
operation. 
 Bonor's work at the site included nine excavation units covering at least ten square meters 
and identified 32 primary burials and at least 42 additional comingled burials (Glassman and 
Bonor Villarejo 2005:286). It is sometimes difficult to tell which unit a burial came from because 
several of these units ran into one another and expanded beyond the descriptions in the project 
report. Some of the excavation history was reconstructed when later excavations revealed 
aluminum foil, signifying the end of Bonor's excavation. At the time of Bonor's final report, 
there were estimated to be approximately 150 burials within the rockshelter. In general, Bonor 
placed his excavation units near the wall of the rockshelter, though he did place two units along 
the drip-line. After 1995, excavations at CBR stopped until the site was revisited by other 
archaeologists in 2005. 
 There was a renewed interest in CBR in 2005. Gabriel Wrobel, working as a member of 
the BVAR project under Jaime Awe’s excavation permit, restarted excavations and conducted a 
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field school at the site that continued for three seasons. The expressed purpose of the new project 
was to test Bonor's hypothesis that ritual activity at the site was limited to a single function: that 
of a domestic cemetery, to determine the time span of ritual use of the Caves Branch 
Rockshelter, and to more accurately estimate the size and demographic distribution of the 
skeletal population (Wrobel and Tyler 2006:1). Wrobel ultimately placed six excavation 
operations (1A through 1F) within the rockshelter (Wrobel and Tyler 2006:2). Each operation 
was typically four square meters (a block of four 1 x 1 meter units), but this was expanded over 
time in order to follow existing burials or find new ones. Parts of operation 1B, 1C, 1D, and 1E 
overlapped with Bonor's previous excavation. 
 The superpositioning and stratigraphy at the site is somewhat difficult to interpret. Bonor 
(Glassman and Bonor Villarejo 2005:289) describes the rockshelter as containing predominantly 
fragmentary and disarticulated remains, possibly resulting from reuse of the burial locations. 
This means that older burials were being disturbed and displaced as new individuals were 
interred. Considering Tiesler's burial categories, CBR can currently be described as a 
combination of primary burials surrounded by a large bone scatter of problematic remains. This 
use and reuse of the site created a situation where there is virtually no stratigraphy, and the 
remains of different individuals have become mixed and lost in terms of the context of their 
cultural era. Fragmented human remains, jute snail shells, and ceramic sherds are strewn 
throughout the burial matrix. Many burials are missing components from being disturbed by 
other burials. In some areas the matrix of the site was so dense and fragmentary that no 
conceivable relation to a particular individual could be discerned (Wrobel et al. 2007:188). 
 Well over 400 individuals are believed to have been interred at the site, although a 
complete demography is not yet published. The analysis of the initial 32 individuals that Bonor 
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excavated tells us that both males and females were buried at this cave, as well as people of all 
ages (Glassman and Bonor Villarejo 2005:289). According to Bonor (Glassman and Bonor 
Villarejo 2005:290–291), the level of disease and pathology seems to be consistent with the 
average Maya population, the most common trait being osteoarthritis, followed by healed 
fractures. Some of the individuals that Bonor (Glassman and Bonor Villarejo 2005:291) 
excavated showed evidence of pathogenic organisms, which causes inflammation in bone.  
Wrobel (2008:16) noted that the demographic analysis was preliminary, but the 
population represented in the rockshelter seems to match typical preindustrial populations. It 
may be possible that the rockshelter represents a complete mortality sample of a discrete 
population (Wrobel and Tyler 2006:8). This would be an advantage because most of the focus in 
Maya archaeology is on major urban centers, which were occupied by tens of thousands of 
people but are represented by only a few skeletons, and those skeletons are usually not 
representative of the majority of the population (Wrobel and Tyler 2006:8). 
  Bonor's interpretation that the site may have been used by a small rural community is 
supported by the material remains that were found during the 2005 excavations. This is shown by 
the simple style of the ceramic artifacts. In fact, most of the material culture seems to be 
utilitarian in nature. Unfortunately, most of the ceramics that have been found are not diagnostic 
to time period; however, a few are present. For example, Burial 26 is associated with a Late 
Preclassic Red Sierra dish, which belongs to the Barton Creek Complex, which archaeologists 
have determined to have spanned from 350 BC to AD 300 (Wrobel and Tyler 2006:7). During 
early analysis, the exclusively Late Preclassic ceramic vessels led archaeologists to briefly 
believe that the time span for the site was more restricted than it actually is (Wrobel 2007:1). 
Further analysis has shown that the absence of later ceramic types may simply by the result of a 
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change in mortuary symbolism (Wrobel et al. 2009:205). However, CBR may also have been 
subject to curatorial behavior which could potentially place a very old artifact into a much more 
recent burial (Hardy 2009:146). 
 By the end of Bonor and Glassman's (2001:9–10) excavation, CBR had yielded over 
1000 lithic artifacts, including obsidian blades, small pieces of quartz, chert cores, a single biface 
that was identified as a fish tail point, various blades, and debitage. This indicated that some 
lithic working had taken place within the rockshelter, but Stemp et al. (2013:151) suggest that 
most of the lithic assemblage was probably worked at a nearby site and then brought to CBR. 
The archaeologists also extracted thousands of jute snail shells, which can be interpreted both as 
mortuary offerings and a source of protein (Freiwald 2012). Of the ceramic artifacts that were 
recovered, the archaeologists found that they represented cultural traditions that spanned from 
600–900 BC to AD 900 (Glassman and Bonor 2001:10). The AMS dates obtained from the site 
range from around AD 170 to around AD 800, with a general error of about 100 years before and 
after (Wrobel 2007). 
 The burials at CBR were found in various levels of preservation, ranging from well-
preserved and articulated to extremely fragmentary, poorly preserved, and comingled almost to 
the point of a homogenous mixture. It seems that many of the burials at the site were interred 
with their heads oriented towards the rockshelter wall or aligned to the north; however, it is not 
uncommon to find burials oriented to other cardinal directions, with many more burials of 
indeterminate orientation. Likewise, burials were found in various positions, including flexed, 
extended, prone, supine, on the side, and disturbed. It is currently unknown if these burial 
positions correlate with time. 
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CBR IN THE LAB 
 The burials were curated in the Kinard osteology laboratory at the University of 
Mississippi during my thesis research. Each burial was labeled and placed in a paper bags during 
the excavation. After the 2005 to 2007 excavations, the remains were washed with Belizean well 
water, exported from Belize to the United States, and stored in the laboratory. No other actions 
were taken until a small sample of the bones were washed with distilled water and preserved for 
reconstruction using Acryloid B-72. The preparations for the samples used in this study will be 
detailed in Chapter V.  
  While I was cataloging the collection, it became apparent that there were many 
comingled remains, and many burials were documented by field school students with minimal 
information. I compiled all available field data into a database and onto a GIS map that I used for 
determining potential correlations with fluorine amounts. This is described along with the results 
in Chapter VI. 
CONCLUSION 
 Overall, CBR is a good candidate for fluorine dating. The physical and environmental 
properties of the site seem to be favorable for similar rates of fluorine absorption among all 
burials. The prior excavations and research of CBR have raised many questions about the Maya 
who used this site, and a detailed chronology would provide information that could be applied to 
our understanding of Maya culture as a whole. Fluorine dating may also be able to aid in the 
interpretation of the comingled remains. 
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Figure 3: Map of CBR Burials 
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CHAPTER IV 
FLUORINE DATING 
 In this chapter I provide some basic information about fluorine and its interaction with 
bone mineral. I then review the history and development of fluorine dating, including issues that 
make it a difficult and sometimes inapplicable method. I then illustrate this by describing a 
selection of fluorine dating attempts that were chosen to highlight different fluorine dating 
methods and effects imposed by the sites in question. Finally, I discuss efforts that have been 
made to better understand fluorine interaction in archaeological contexts in hopes of improving 
or simplifying the method.  
 Hydroxyapatite, the basic mineral component of bone, is a crystalline compound of 
calcium, phosphate, and an hydroxyl ion, written as Ca5(PO4)3OH. Fluorapatite is essentially the 
same compound, except the hydroxyl ion has been replaced with a fluorine ion, and consequently 
the crystal becomes a little larger as a result of the addition of the heavier and more 
electronegative ion (Neuman and Neuman 1958:39). Studies of hydroxyapatite in the middle of 
the last century relied on inferences based on observations of fluorapatite because the former 
compound was too small to observe (Neuman and Neuman 1958:39). Fluorapatite, and by 
extension (probably) hydroxyapatite, exists in combinations in order to create a complete crystal 
structure. A more appropriate representation of fluorapatite would be Ca10(PO4)6F2.  
 In addition to imperfections that are believed to reside on the surface and in the internal 
structure of these crystals, this mineral readily exchanges ions, thus incorporating other materials 
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into and around its structure (Hedges and Millard 1994:155; Neuman and Neuman 1958:48). 
These ions include, but are not necessarily limited to: carbonate, hydronium, magnesium, 
sodium, citrate, strontium, radium, uranium, beryllium, thorium, plutonium, gallium, yttrium, 
lead, potassium, and fluorine (Neuman and Neuman 1958:48,49,90–98). Such variable 
stoichiometry in bone apatite contributes to the confusion of environmental effects on fluorine 
absorption, which is shown in later sections to be of great importance to fluorine dating.  For the 
most part, with the obvious exception of fluorine, these elements interact with the calcium and 
phosphate portions of bone apatite. However, these interactions can potentially affect the 
interaction of fluorine ions with the resulting compounds.  
 The premise of fluorine dating is the result of the stronger ionic bond that fluorine 
provides, limiting dissolution (Neuman and Neuman 1958:97). This allows fluorine to build up 
in bone over time. The theoretical limit to this build up is 3.76 percent. Many archaeologists 
reference this limit during their work, but this does merit some explanation. The 3.76% limit is 
based on the mineral component of the bone only, easily derived from the percentages of the 
atomic weights of the elemental constituents. One potential exception to this is the interaction of 
fluorine, sodium, and hydroxyapatite, which may cause a double salt decomposition that 
produces calcium fluoride (fluorite), which could contain 8.66% fluorine.  
 If organic components are still present in the bone, this will cause the proportion of the 
fluorine to be lower. In this situation, the measured percentage of fluorine would be a function of 
the proportion of fluorine to bone mineral and the effects of decomposition on the bone collagen. 
Organic components are not an issue when testing fossilized bone, as there is no organic material 
remaining by that point. When testing more recent bone, some researchers remove the organic 
materials by reducing the bone to ash. This is done in an attempt to improve the accuracy of the 
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fluorine measurement; however, it is not necessary because the effects of age on the proportion 
of bone collagen are similar to the effects of age in fluorine amount, only in reverse (Haddy and 
Hanson 1982:37; Oakley 1963:115). This relationship is explained in Chapter V when discussing 
the average fluorine amounts of bones from CBR.   
HISTORY OF FLUORINE DATING 
 Fluorine was first proven to be present in bone sometime between 1803 and 1805 when 
Domenico Lino Morichini dissolved fossil and modern bone and then created fluorite (calcium 
fluoride) from the solution (Tankersley and Wells 2011:247). Dating bone through measuring 
relative fluorine amounts was first attempted by John Middleton in 1884. Middleton (1884:431–
433) discovered that the level of "fluoride of calcium" within bone increased with time after 
burial. He tested this by comparing fossilized animal remains from India with the remains of a 
Greek man, an Egyptian mummy, and a fossilized anoplotherium. Each of these specimens was 
of relatively known age. Middleton found that the fossils had the same amount of fluorine, which 
he attributed to their relatively similar ages. The Egyptian and Greek specimens turned out to 
have starkly different levels of fluorine. Middleton decided that it was the preservation and 
environmental isolation of the mummy that caused it to have fluorine levels much lower than 
that of the Greek man. In fact, the fluorine amount of the mummy was very close to the amount 
found in living human bone. Because of this difference, Middleton decided that water must be 
what transports fluorine into bones (although he did not understand the chemical mechanisms of 
how this happened) and that fluorine was a reliable constant almost everywhere on earth. 
 Decades after Middleton's work, and perhaps unaware of Middleton's work, a French 
archaeologist named Emile Rivière and a chemistry professor named Adolphe Carnot developed 
a fluorine dating method for the purpose of dating fossilized human and animal remains 
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(Goodrum and Olson 2009:101–104). In the 1890s, this was the first successful attempt to seriate 
remains at a site using relative fluorine amounts. Carnot continued research on the subject and 
ultimately demonstrated fluorine being absorbed into bone in a laboratory setting (Goodrum and 
Olson 2009:104). These methods were based in stoichiometric measurements of fluorine that 
were difficult and slow. 
 Since its inception, fluorine dating languished as a relatively unused dating procedure 
because of the many factors that could potentially interfere with the test, as well as the poor 
understanding of bone chemistry that even today is somewhat of a mystery. It was initially used 
to seriate fossilized bone. Perhaps most famously in 1948, it was used to show that the mandible 
of the Piltdown Man contained a significantly different percentage of fluorine than the rest of the 
skull (Oakley 1948:336). The level of technology that was available between 1844 and 1950 
only allowed researchers to differentiate between relatively large disparities of fluorine in 
different specimens. This was appropriate for use with fossilized bone because they could be tens 
or hundreds of thousands of years apart.  
 With a more modern understanding of chemistry, Oakley went on to use fluorine dating 
at various sites; however, the method was still cumbersome and required "considerable technical 
experience" (Goodrum and Olson 2009:108). Anthropologists began looking for new potential 
methods such as x-ray diffraction to more accurately measure fluorine (Cook and Ezra-Cohn 
1959:278). Oakley (1963:112,113) mentions the use of X-ray diffraction and makes it clear that 
fluorine analysis was still too inaccurate to be used for anything other than discerning between 
large differences of age. 
 In 1967, a method for measuring fluorine in bone using an ion selective electrode was 
developed by Leon Singer and W. D. Armstrong. This method, which was already being used to 
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measure fluorine for other applications, measures fluorine ion activity in a solution and requires 
that variables during testing, such as acidity, ionic strength, temperature, and some extraneous 
elements such as iron and aluminum, be controlled in order to obtain meaningful results. Singer 
and Armstrong (1968:613,614) prepared specimens of rat bones by heating them at 550° C for an 
extended period of time and grinding the ashed mineral component of the bone into a powder. 
The powder was dissolved in hydrochloric acid, and the solution was neutralized by adding a 
solution of sodium hydroxide until the acidity of the solution was within the appropriate range 
for the electrode. With careful control of these variables, the results were consistent, meaning 
that the method worked. 
 In 1974 Parker, Murphy, and Toots (1974:89–102) used the method developed by Singer 
and Armstrong to test how different types of bones may absorb fluorine at varying rates 
depending upon factors such as density, porosity, and diagenesis. In their introduction they note 
that bone, dentin, and enamel differ in microscopic structure and chemical and physical 
properties. Singer and Armstrong’s ashing process was only used with young specimens that still 
had organic matter present in the bones. Parker et al. (1974:100–102) found that bone and 
dentine consistently had a higher level of fluorine than enamel from the same individual. This is 
because enamel is made of larger apatite crystals and is less permeable than bone or dentine.  
However, there were a few inconsistencies with that pattern. For example, one of the 
enamel specimens contained almost the same amount of fluorine as the dentine and bone from 
that individual. This is potentially due to the poor preservation of the tooth, which caused the 
enamel to become more permeable. Parker et al. (1974:101–102) further explained the problem 
of comparing sets of geographically disparate specimens. One group (fossilized Nebraska bison) 
had a higher overall fluorine level than fossils from Florida. Parker and colleagues reasoned that 
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this cannot be used to distinguish the age of the two groups because the superior preservation of 
the Florida specimens may have resulted in a slower absorption of fluorine than the more poorly 
preserved Nebraska specimens. 
 Haddy and Hanson (1982:37–44) used fluorine dating to seriate burials at Moundville 
and compared that chronology to an existing one based on temporally diagnostic artifacts from 
the site. This process was especially useful in their case because all of the human remains from 
Moundville had been treated with a substance called Alvar, which made radiocarbon dating 
impossible (Haddy and Hanson 1982:37). Their research showed that fluorine dating could be 
used to seriate bones that were less than 1500-years-old and had been deposited within a few 
hundred years of each other (Schurr 1989:265). 
 In 1986 Richard T. Callaghan published Analysis of the Fluoride Content of Human 
Remains from the Gray Site, Saskatchewan
 Callaghan (1986:317,318) described the Gray Site as an Archaic period cemetery that had 
been used for 2000 years. This site was recommended for fluorine dating because most 
radiocarbon dates were not associated with specific individuals, and there was a lack of 
, in which he used almost the same method as Singer 
and Armstrong and described it in great detail. The difference between Callaghan and Singer's 
tests was that Callaghan increased the temperature to ash the bone from 550 degrees to 800 
degrees Celsius (because he found 550 to be too low) and that a TISAB (total ionic strength 
adjusting buffer) was used to keep contaminants from bonding with the fluorine in place of the 
simple sodium hydroxide (Callaghan 1986:319,320). The new TISAB (which contains some 
sodium hydroxide) performed the same function as the sodium hydroxide in Singer and 
Armstrong's tests, but did a better job of controlling contaminants instead of only fixing the 
acidity and ionic strength of the test solution.  
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discernible soil stratigraphy. This left archaeologists with unanswered questions such as: Were 
there possible hiatuses in site use? Is there a pattern to the location of burials over time? Is there 
a temporal differentiation between morphological groups?  
In order to test of the efficacy of the procedure, Callaghan (1986:324) measured the 
fluorine amounts of two specimens and then had those specimens radiometrically dated. The 
fluorine analysis was consistent with radiometric dates for the burial thought to be one of the 
oldest at the site. Callaghan (1986:324) noted that these skeletal materials appeared to be the 
most recent as they were most well-preserved. Fluorine dating at the site also revealed unknown 
features of the burials. For example, varying fluorine levels between individuals found in the 
same burial pit implied a process of disturbing and reburying older burials with newer ones. The 
fluorine analysis also seemed to support conclusions that the site was used continuously, with no 
hiatuses, change in burial patterns, or difference between grave morphology and the time of 
interment. That is, the changes in burial patterns were the result of variation within the society 
and not a function of time (Callaghan 1986:326,327). 
 In 1989, Mark Schurr published Fluoride Dating of Prehistoric Bones by Ion Selective 
Electrode
  
. The site that is the subject of Schurr's report is the Angel Site, located in Southwestern 
Indiana. The Angel site was a good candidate for fluorine dating because there are no temporally 
diagnostic artifacts associated with the burials, and there is no stratigraphy to help seriate the 
burials. This also means that the environment should be homogenous enough to prevent differing 
rates of fluorine absorption at different locations on the site. The site is also limited to an area of 
5,230 square meters (roughly 72 x 72 meters), which is essentially the confines of the "village 
occupation" (Schurr 1989:269).  
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 When testing to see if fluorine dating was a viable option, Schurr (1989:265) applied a 
method similar to Callaghan's. The test is fundamentally the same, but with some intriguing 
differences. Rather than preparing the specimens by turning the bone into ash, Schurr (1989:266) 
simply cleaned dirt from the bones, dried the bone at 70° C, and then ground the bone into 
powder. The powder was then dissolved in 0.5M perchloric acid and diluted with equal parts 
deionized water and TISAB II buffer solution (TISAB II is a variation of TISAB that is 
specifically for testing low levels of fluorine). Schurr (1989:267) used cortical bone of the 
midshafts of adult ribs. Such a specific portion of the skeleton was chosen in order to reduce 
error due to variation in rates of fluorine absorption in different parts of the skeleton.  
Schurr (1989:267–268) was also concerned with variation caused by differing 
environmental effects upon living humans. According to the National Research Council 
Committee on the Biologic Effects of Atmospheric Pollutants (1971), males and females absorb 
different amounts of fluorine in life, and the amount of fluorine present in a living individual 
increases with age. Schurr found that there was no significant difference in fluorine between 
males and females of varying ages (Schurr 1989:268–269). The relative ages indicated by the 
fluorine analysis were verified by comparing the fluorine chronology to the contextual 
chronologies of ten specimens (Schurr 1989:267). 
 Ultimately, Schurr accepted the relative ages indicated by the fluorine analysis and used 
them to create a new burial chronology for the Angel site. Schurr (1989:269) reasoned that the 
fluorine analysis indicated that the cemetery at the Angel site had been used continuously for a 
relatively brief period of time. It had been previously thought that the burials were 
contemporaneous with habitation structures. Instead, most of the burials had fluorine levels that 
indicated they were contemporaneous with burials of known age that postdated the structures. 
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 Joseph Ezzo applied the fluorine ion selective electrode method to Grasshopper Pueblo in 
Arizona. Grasshopper Pueblo is located in the White Mountains in East-Central Arizona. It is a 
500 room pueblo structure that was used from approximately AD 1275 to AD 1300–1400. Use of 
the site for a field school resulted in limited notes and lack of stratigraphic information (Ezzo 
1992:447). Ezzo (1992:445,449) was interested in creating a burial chronology for the Plazas I 
and II and refining the chronology for the site. He sampled 141 adults and compared the relative 
fluorine dates to radiometrically-derived dates for eighteen of the individuals.  
His sample preparation was slightly different than that of Schurr. Rather than using 
perchloric acid, Ezzo (1992:449) used nitric acid to digest the bone samples. All of the samples 
were comprised of the densest parts of long bones. Like Schurr, Ezzo (1992:452) recognized that 
different levels of fluorine in living individuals would translate into differences in the 
postmortem fluorine analysis. Ezzo also found no significant difference between males and 
females and no correlation between fluorine levels and the age of the individuals buried at the 
site.   
The fluorine analysis made a clear distinction between early and late burials. Although 
there were a few errors of note, the division between early and late was clear enough for Ezzo to 
announce that the methodology was useful. Some of the errors may have been caused by the lack 
of stratigraphic and depositional information. For example, a burial that was put particularly 
deep in the clay could have had more exposure to water and therefore absorb more fluorine than 
the shallow burials. Ezzo (1992:450–451) also presented some detail about the presence of other 
trace elements that can become absorbed into the structure of bone (potentially interfering with 
fluorine absorption) and ultimately concluded that fluorine absorption is still useful for relative 
dating. 
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 In 2006, Gabriel Wrobel used the same ion selective electrode method that Schurr used in 
1988 to aid in seriating burials at the Chau Hiix site in northern Belize. Schurr had applied his 
technique to Historic burials in Belize at Tipu, identifying temporal differences in different 
locations in the cemetery, but the work was not published (Wrobel 2007:699). Given the 
preliminary success of this attempt, Wrobel (2007:700) decided to apply the same method to 
Classic and Postclassic period burials. However, there were differences between Tipu and Chau 
Hiix that affected the outcome of the fluorine analyses. 
One factor that affects fluorine absorption into bone is the mobilization of the fluorine 
ions by groundwater. With this understanding, Wrobel (2007:700) described differences in the 
permeability of the burials in his sample. In general, the older burials from the Classic Maya 
period (AD 250–900) were created by interring a body beneath a building and sealing the burial 
under a plaster floor. The younger burials, from the Postclassic Maya period ~AD 900–1500, 
were also found beneath the floors of buildings. However, the graves were not resealed. Rather, 
the pits for the graves were dug through an existing floor and loose dirt remained on top of the 
burial. The important factor is that the older graves would receive much less water than the 
younger ones. 
 Seriating the burials by other means was necessary for assessing the effectiveness of 
fluorine analysis at Chau Hiix. Wrobel (2007:700) used a number of variables to seriate the 
burials, including the burial type, accretional vs. intrusive, and body position. Traditionally, 
relative dates for burials in the Maya region can be determined using ceramic styles, but at the 
time of his study, Wrobel (2007:699) noted that the ceramic analysis was incomplete.   
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 While Schurr used cortical bone from ribs, Wrobel used cortical bone from long bones 
because the conditions at Chau Hiix did not preserve the ribs very well. Other considerations 
were needed to ensure reliable results. For example, Wrobel (2007:700) attempted to control the 
thickness of the portions of the long bones that were tested, as was done during Haddy and 
Hanson's 1982 test at Moundville, and by excluding any with pathological features. 
 Wrobel found that fluorine analysis was an ineffective method for determining burial 
chronology at Chau Hiix because many burials were affected by microenvironments and 
complex taphonomic processes that caused the fluorine content of the remains to be highly 
variable (Wrobel 2007:699). For example, a number of the burials that should have contained 
less fluorine actually contained more. The younger burials, whose relative age was indicated by 
the intrusive type of burial, were exposed to more water than the older ones. Two individuals 
buried at the same time and sealed under a plaster floor in the same building might also be 
subject to different amounts of water. Over time, animals burrow and trees grow roots through 
the ancient plaster floors, causing water to affect some burials more than others. Cracks form in 
buildings, changing the flow of water over the centuries.   
 Furthermore, Wrobel (2007:707–709) discussed the possibility of varying soil acidity, 
temperature, or fluorine content differentially affecting the burials. For example, a body that was 
interred during the dry season may absorb less fluorine than a body that was interred in the wet 
season. This is because during the period of decomposition, the soil around the body temporarily 
increases in acidity, resulting in more fluorine absorption than in the dry season burial. Reduced 
rainfall results in less fluorine as compared to a wet season burial. Wrobel (2007:707–709) noted 
other factors that may cause variability, including unknown or poorly understood diagenetic 
factors that could cause differences in fluorine absorption.  
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 Ultimately, Wrobel (2007:709–710) decided that the taphonomy at Chau Hiix was too 
irregular for fluorine analysis to be a viable method for chronological seriation of burials. For 
similar reasons, Schurr (Guerrero et al. 2011:1499) later determined an attempt at fluorine dating 
at a Neolithic site in Syria to be unsuccessful, citing "differential preservation of burial plugs", 
meaning that the clay that overlaid the burials was sometimes damaged and resulted in higher 
fluorine amounts. 
 In 2006, S. Homes Hogue (2006:307) attempted to use the same basic fluorine dating 
method as Schurr at two separate mound sites in Mississippi. Interestingly, Pocahontas Mound A 
(22HI500) displayed a strong correlation between time and fluorine, while Lyon's Bluff 
(22OK520) did not (Hogue 2006:313). The type and layout of each site was similar, as was the 
burial matrix. Hogue (2006:313) offered a few potential explanations, such as different water 
availability, different available amounts of fluorine, distinct types of bedrock, and other factors, 
without definitively identify a reason for the difference. 
ANALYSIS OF FLUORINE DATING 
 It is apparent that the use of fluorine dating involves multiple variables that could affect 
test results. Some potential problems can be identified using statistical analyses, but given the 
limited sample sizes in archaeological burial assemblages, this is often impracticable. As a result, 
anthropologists look for new ways to study fluorine absorption, as well as bone mineral as a 
whole, in order to find ways to circumvent these problems. 
 In 1982, Haddy and Hanson used proton inelastic scattering to look at fluorine in bone. 
Haddy and Hanson (1982:37,40) found that differing porosities and densities of bone relate to 
different rates of fluorine absorption. They noted that fluorine levels were higher near the outer 
surfaces of bone, which contradicted Oakley's (1963:112) finding, "Owing to the porosity of 
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bone, the alteration presumably proceeds not zonally but uniformly throughout the body of the 
material.” Similarly, Kjell Johnsson (1997:435) measured fluorine in bones from several 
Scandinavian sites and found that there was minimal fluorine variation along the diaphysis of 
long bones, indicating that fractures and other instances of increased surface area will have an 
effect on fluorine absorption. 
 Annina Alice-Maria Gaschen (2005:7) made an intensive effort to study the effects of 
variability in diagenesis on fluorine absorption. In her dissertation, it is apparent that chemists 
are still unsure of how fluorine is absorbed into the apatite crystal (Gaschen 2005:21). Gaschen 
(2005:144) stated that bones undergo rapid recrystallization during initial decomposition of the 
body and then quickly stabilize, with the rest of diagenesis occurring more slowly. During the 
time of decomposition and rapid diagenesis, the porosity of bone increases, allowing more water 
and other materials to interact with the bone (Hedges and Millard 1995:204).  
 The overall goal of Gaschen's work was to determine if a model of fluorine diffusion into 
bone could be found and applied to sites in order to better understand the effects of diagenesis on 
fluorine absorption. While this model could be applied to specimens "doped" with fluorine in the 
lab, as well as a few real-world sites with exceptional preservation, it is apparent that fluorine 
absorption is a product of the varying states of degradation occurring at different rates and at 
different times after bones are buried (Gaschen 2005:96). Therefore, sites with poor preservation, 
irregular burial matrices, and other variables make rates and amounts of fluorine absorption more 
uncertain (Gaschen 2005:144). 
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CONCLUSION 
 In spite of the various studies that describe difficulties interpreting the effects of acidity, 
porosity, moisture, and other diagenetic factors, it remains clear that fluorine dating is possible, 
but must be tested at each location by statistical correlations with other dating methods, and that 
care must be taken in selecting test specimens and the condition of the site kept in mind when 
analyzing results. 
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CHAPTER V 
METHODS 
 In this chapter I describe the sample selection, preparation, and testing procedure of 
specimens for this thesis. I then discuss the quality control measures used to ensure consistent 
and accurate results. Throughout this chapter I relate these standards and processes to factors that 
may negatively affect the results and explain how I attempted to circumvent these problems. 
SPECIMEN SELECTION 
 A total of 143 specimens were collected from discretely labeled burials, most of which 
had been excavated during the 2005–2007 BVAR field schools, and some from the 1995–1996 
field schools. Burials from all of the BVAR excavation units were tested, with the exception of 
units within Excavation Operations 1C and 1D because 1C had no radiocarbon dated remains 
and 1D did not yield any burial features. Only specimens from Units 2, 3, and 6 were tested from 
the 1995–1996 excavations because these burials could most reliably be related to the site map. 
Some specimens are attributable to specific bones which were documented during excavation 
and were identifiable in the lab, such as "Bone E." However, because some remains were simply 
grouped under the same field specimen number and were not individually mapped, most of the 
samples are drawn from bone fragments that are simply marked as "Femur from Burial 60.” 
 There were a total of four specimen collections. I first collected a general sample of 
femur, skull, rib, fibula, and humerus bone fragments, depending on which of those elements 
were present in any given burial. This was done for three reasons: First, I wanted to create a large 
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sample size. Many prior fluorine studies used small sample sizes, which prevented potential 
analysis of systemic errors or natural correlations. Second, many burials contain only particular 
types of bones. Having a wide variety of bones allows for more comparisons between burials. 
And finally, depending on the site, some types of bones may be undesirable for testing because 
small or highly fragmentary bones can be easily comingled or thin and porous bones could 
potentially reach the fluorine absorption limit, thus making the bone useless for dating. For 
example, the thin lamellar bone of rib shafts can absorb fluorine much more quickly than the 
more thick and dense bone from the shaft of a femur. Having several types of bone allows for the 
identification of these problems. 
 I collected bone samples on two additional occasions to obtain samples used for 
confirmation of the testing procedure, and also for addressing questions that arose during testing. 
This included selecting duplicate specimens from the same bone to test for data consistency. The 
same type of bone was also repeatedly collected from some of the burials. Most of the burials are 
comingled, and it is likely that one burial feature will contain bones from two or more 
individuals, resulting in multiple fluorine amounts being associated with one burial.  
I collected extra samples to assess two other aspects of fluorine dating efficacy at CBR. 
Twenty three bone specimens were weighed before grinding to test for a correlation between 
weight and fluorine amount. Similarly, results from 15 specimens that had been preserved using 
Acryloid B72 were evaluated for fluorine differences. Finally, I also selected seven specimens in 
an attempt to detect contamination from fractured ends. Fractured ends are known to have had 
more exposure to fluorine and therefore will contain higher amounts, so I selected especially 
large pieces of whole and unbroken bone shafts. It would have been ideal to always avoid 
fractured ends, but the remains from this site have such a high rate of fragmentation that this 
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would have made fluorine dating impractical. Each specimen was taken from a larger piece, 
collected as a whole fragment, or cut from within a whole shaft. Care was taken to avoid any 
pathological manifestations such as arthritis or lesions, as well as muscle attachment sites or 
other such features where the composition of the bone may differ from normal cortical bone.  
SPECIMEN PREPARATION 
  Rib specimens were sectioned longitudinally, leaving the external surface available for 
testing. In a similar manner, skull fragment samples were taken by separating the exterior cranial 
surface for testing. All trabecular bone was removed from all specimens with a sharp metal 
wedge. Specimens that had been preserved using Acryloid B72 were soaked in two successive 
acetone baths to dilute and remove the substance. These specimens were tracked to determine 
whether or not the preservation process had an effect on the amount of fluorine in the bone.  
 All specimens were then washed in distilled water and gently scrubbed with a tooth 
brush. At this point, some fluorine dating methods sonicate the specimens in distilled or 
deionized water. The problem with this is that ultrasonic cleaners are much less effective with 
distilled water than tap water with a cleaning solution. This is because the surface tension of 
distilled water is higher than tap water or other water with added surfactants. However, cleaning 
solutions were not used for fear of contaminating the specimens. Likewise, tap water was not 
used because the local tap water contains fluorine. Additionally, all of the ultrasonic cleaners 
available for this project forbade the use of distilled water, citing that it corrodes the sensors and 
risks damaging the machine. Therefore, I wasn't able to sonicate the specimens during the 
cleaning process. 
 After washing, the specimens were placed into plastic centrifuge transport containers and 
moved from the osteology laboratory to the chemistry laboratory. The specimens were dried in 
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an oven at 70°C for a minimum of 48 hours. Then each specimen was ground into a powder 
using a porcelain mortar and pestle and passed through a 100-mesh brass sieve. The mortar, 
pestle, and sieve were washed with distilled water between every use. Three 3 mg test specimens 
were then measured from the powder using an analytical balance. These test specimens were 
stored in separate plastic containers marked with a test number and sealed until testing. 
TESTING 
 The testing method is the same as the one used by Schurr in his 1989 fluorine dating 
attempt with differences in the amount and proportion of solutions and test specimens. Each 
specimen was increased from 0.5 mg to 3 mg. The amount of perchloric acid and distilled water 
was changed to 300 µl each. Finally, the amount of TISAB II was changed to 1800 µl which is 
proportionally six times more TISAB II to acid than Schurr used. This is because the original 
solution proportions came out to be between 4 and 4.5 pH as measured by a pH electrode. The 
fluorine ion selective electrode calls for a pH of at least 5 to allow for proper function and also to 
prevent the fluorine from complexing with the hydrogen in the acid and thus making it 
undetectable to the electrode (Oakton 2011:5). The electrode documentation calls for fixing the 
pH with sodium acetate (which is the primary component of TISAB II), so I simply used more 
TISAB II to both adjust the pH and prevent the fluorine from bonding with anything else in the 
solution. 
 Once a test specimen was in place, 300 µl of 0.5 M perchloric acid was added and stirred 
for one minute until the bone powder had completely dissolved. With continuous stirring, the 
acidity of the solution was fixed to between 5 and 5.5 pH by diluting with 1800 µl of TISAB II 
and then 300 µl of distilled water. The electrode was then lowered into the specimen container 
until the tip was completely submerged. With continued constant stirring, the electrode was left 
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in the solution for two minutes. Provided that the meter indicated that the reading was stable, 
which had always been achieved well before the end of two minutes, the ppm (parts per million) 
reading was taken from the ion meter. At this point, the test specimen was sealed and placed on a 
rack with the other finished specimens. 
QUALITY CONTROL  
 Many steps were taken to minimize errors during testing. All tests took place one at a 
time in random succession so that each of the three tests per specimen would be spread out 
among other test specimens. This was done in order to remove bias and to find systemic errors 
that might otherwise go unnoticed. The tests all took place in the same room and at roughly the 
same temperature with an average of 22° C, but ranging from 20° to 24° on the coldest and 
hottest days. A difference of 1°C results in a 2% error (Oakton 2011:4) The magnetic stirrer that 
was used was insulated with a layer of styrofoam to prevent any influence on the temperature of 
the sample. Each solution was made of reagent grade stock and carefully measured to create 
precise standards and testing solutions. A slope check was done every day before testing to 
guarantee that the electrode was working properly and the electrode was also calibrated every 
two hours during testing.  
 All lab work for this thesis was either done in the osteology laboratory in Kinard Hall or 
in the chemistry laboratory in Room 223 of Anderson Hall in the Chemical Engineering 
Department at the University of Mississippi. These locations are both climate controlled and 
suited for the work required.  
After testing was complete, approximately 300 of the test specimens, which were still 
being stored as solutions in vials, were re-tested to ensure that the results were the same. All 
solution components were dispensed using the same automatic pipette, which was recharged 
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daily, with the exception of the initial dilution of the perchloric acid from an 8% w/v solution to 
a 0.5 M solution, which was measured with a beaker. The solutions were handled with extreme 
care, and painstaking efforts were taken to make sure that each test was as consistent as possible. 
However, even with all of these precautions, there are still some errors which are made apparent 
by the occasional drastically low fluorine reading, which is indicative of forgetting to add a 
solution, including an errant drop of extra solution in a vial, losing track of time during the tests, 
or other potential errors that have not been recognized. 
CONCLUSION 
I modified the sample selection and preparation to try and address potential problems in 
the technique that I might encounter with the CBR materials. This included random replication 
of tests, taking multiple samples from the same bones and duplicate bones in comingled burials, 
and assessing fluorine amounts in chemically treated and fractured bones. The next chapter 
describes the results and how each step in the method was validated. Results were consistent 
with few errors and relatively low variability and are described in detail in Chapter V.  
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CHAPTER VI 
RESULTS 
 In this chapter I show that the fluorine analysis of Caves Branch Rockshelter produced 
reasonably consistent results when compared to other fluorine dating attempts, as well as the 
burial contexts and available radiocarbon dates. However, the dataset includes some outlier 
values, which I discuss along with the variation found in the test results. The amount of error and 
coefficient of variation in the results are then compared to the variation found in other fluorine 
dating attempts. Ten out of 11 comparisons between 17 individuals in four clusters of burial 
features indicate that fluorine dating is a viable method for dating at CBR.   
DATA OVERVIEW 
 The results include 143 tests of human skeletal remains from burial features at CBR. 
From that dataset there are 17 outliers that will not be included in the analysis. The first twelve 
samples tested showed erratic and changing results on the ion meter, which resulted from 
inexperience with the method or other unknown error. Four more samples exhibit coefficients of 
variation (CV) in excess of 13%. The outlier range of 14% or greater was used in order to 
include a few specimens (that had between 10% and 14% CV) in comparisons between burials 
that would not otherwise be represented. A table of all tested specimens can be found in 
Appendix I and the outliers can be found in Appendix II. All statistical tests in this thesis were 
done at the 0.05 alpha level.  
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 The average amount of fluorine in these specimens is 0.76%, ranging from 0.19% to 
1.94%.  As I mentioned in an previous section, the theoretical limit of fluorine absorption into 
the mineral component of bone is 3.76%.  These bones still include organic components and 
therefore the measured amount of fluorine would actually be higher if the organic component 
had been removed; however, even if the bones contained the proportion of collagen found in 
living bone, the highest amount would still not exceed 3.76%. 
 In reality, the proportion of the organic component of these bones has been naturally 
reduced over time through decomposition and diagenesis. Because the organic portions of each 
specimen decomposed at differing rates and for differing lengths of time, it is impractical to 
estimate how much weight of each specimen can be attributed to the organic component. This is 
one source of variation within my samples; however, the effects may not disqualify this test 
because fluorine dating depends on diagenetic effects over time. That is, a more recent burial 
will have less fluorine due to a higher proportion of collagen, while an older burial will appear to 
have more fluorine due to a lower proportion of collagen. This situation does not preclude 
fluorine dating. 
VERIFYING RESULTS 
 The average CV for all of my tests is 3.78%, the highest being 12.49%. This shows that 
the testing procedure was done successfully with minimal error. I also made comparisons 
between 21 specimens that were from the same bone fragment, or the same type of bone that I 
was able to associate with a specific individual in the lab, in order to understand the variation in 
fluorine amounts. The average CV for these specimens is 10.37%. The confidence interval based 
on the average of the standard deviations for these specimens, once combined, is plus or minus 
0.05% (n = 9). These comparisons are shown in Table 1. This comparison was also made for all 
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duplicate bone fragments in each burial, which yielded an average CV of 12.66% and a 
confidence interval of 0.034% (n = 25). The comparison of all duplicate bones can be found in 
Appendix III.    
 
Table 1: Comparison of Bone Fragments from Same Individual 
 
Test# Sample 1 
Sample 
2 
Sample 
3 Avg Stdev CV Burial Bone  Avg. 
Stdv CV 
29 0.76 0.75 0.78 0.76 0.01 1.84 53 fibula 
 
0.639 0.1159 18.13 
28 0.65 0.66 0.66 0.65 0.00 0.57 53 fibula 
 
 30 0.44 0.53 0.54 0.50 0.06 11.31 53 fibula 
 
32 0.68 0.67 0.64 0.66 0.02 3.24 53 skull 
 
0.627 0.0513 8.18 
33 0.54 0.62 0.62 0.59 0.05 8.02 53 skull 
  
38 0.42 0.45 0.39 0.42 0.03 6.80 59 fibula 
 
0.426 0.0211 4.94 
37 0.42 0.42 0.45 0.43 0.01 3.32 59 fibula 
  
47 0.58 0.70 0.59 0.62 0.06 10.06 59 skull 
 
0.556 0.0833 14.99 
46 0.49 0.49 0.49 0.49 0.00 0.66 59 skull 
  
59 0.86 0.79 0.84 0.83 0.03 4.07 66 fibula 
 
0.759 0.0828 10.91 
60 0.72 0.66 0.68 0.69 0.03 4.45 66 fibula 
  
81 0.74 0.69 0.70 0.71 0.03 3.75 90 femur 
 
0.693 0.0516 7.44 
82 0.64 0.59 0.69 0.64 0.05 7.91 90 femur 
 
 80 0.71 0.73 0.74 0.73 0.02 2.23 90 femur 
 
84 0.74 0.74 
 
0.74 0.00 0.08 90 humerus 
 
0.825 0.0770 9.33 
83 0.88 0.88 0.88 0.88 0.00 0.00 90 humerus 
  
113 0.97 0.91 1.01 0.96 0.05 5.01 46e femur F 
 
1.019 0.0686 6.74 
111 1.05 1.08 1.09 1.07 0.02 1.97 46e femur F 
  
110 0.99 0.99 1.01 0.99 0.01 1.40 46e femur E 
 
1.143 0.1452 12.70 
115 1.06 1.09 1.24 1.13 0.10 8.72 46e femur E 
 
 116 1.27 1.31 1.33 1.31 0.03 2.21 46e femur E 
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 These margins of error are similar to those published in other studies. In Tankersley's 
(2008:808) attempt at dating mastodon bones, he found coefficients of variation at 3.4%, 22%, 
and 46%. The range of values might result from the large size of mastodon bones which could 
place one end of a bone in a different environment than the other. Schurr used fluorine dating on 
human burials with almost exactly the same method as my test. He reported an average standard 
error for his 10 specimens of 3.215% of his fluorine amounts (Schurr 1989:267). The standard 
error for CBR samples is 3.298% of my fluorine amounts, which is nearly identical. 
 Schurr's (2011:1498) latest dating attempt at the Tel Halula site in Syria averaged a 
fluorine amount of 2.036% and presented accuracy as a CV of 5.95%. The confidence intervals 
in Haddy and Hanson's (1982:39) tests at Moundville averaged 2.4% of their fluorine amount 
compared to 4.01% for individual specimens and 6.4% for averaged specimens from the same 
individual at CBR. Lyman et al. (2012:230) used neutron activation analysis to measure the 
fluorine in black bear bones found in a cave in Missouri. The results had confidence intervals 
that averaged 5.21% of the fluorine amount. Wrobel’s (2011) analysis of the Chau Hiix Maya is 
perhaps the most relevant comparison because it is closest in terms of environment to CBR. The 
range of fluorine amounts in my test closely resembles the range from this test, which averaged 
fluorine amounts of 0.905% with a CV of 4.809%. 
 In sum, my results are not unlike those of other tests in terms of variation. This shows 
that that my methods of measuring fluorine in bone are consistent enough to accept that the 
testing procedure was reasonably sound. The next step in the analysis of the results was to 
evaluate environmental factors or other variables introduced during testing. 
  As I mentioned in the fluorine dating section, there are number of environmental and 
other factors that can affect the absorption of fluorine and thus invalidate this test. I checked 
46 
 
several correlations, including the relationships between sample weight, order of testing, type of 
bone, effects of a preservative, and the amount of fluorine. Other factors, such as age and sex, 
were not tested for due to a lack of demographic information about the samples. The result of 
each test is an average of the fluorine amounts of three tests; which mean that 143 specimens 
includes up to 429 tests. 259 of these samples were tested in random order, I found no correlation 
between the order of testing and fluorine amount (r = -0.085). Using 22 tests, I found that there 
was a very weak but significant correlation between test specimen weight and fluorine amount (r 
= 0.43 with the region of rejection being at 0.423; see Appendix V). This correlation disappears 
when only looking at one type of bone (r = 0.28 n = 13 fibula specimens). Some of the long bone 
specimens had been preserved with Acryloid B-72. Using the 14 preserved specimens and the 39 
non-preserved long bone specimens, I found that there was no correlation between a specimen 
with preservative and the fluorine amount (r = 0.056).  
 While depth can potentially be correlated with age, it seems unlikely to be the case at this 
site. I found a very weak, but significant, correlation between depth and fluorine using all 123 
specimens (r = 0.196; region of rejection at 0.195 at the 0.05 level). Separating the specimens by 
type yields the following results: Femora n = 14, r = 0.45, Fibulae n = 9, r = -0.44, Humerii n = 
13, r = 0.1, Ribs n = 38, r = -0.03, Skulls n = 9, r =0.02. Only results for the femur show a weak 
correlation. Considering the disturbed context of this site, I am confident that there is no 
correlation between depth and fluorine. 
TESTING FOR EFFICACY 
 This section discusses my findings on the correlation between age and fluorine amount. 
The most straightforward way of doing this is comparing fluorine amounts in burials of known 
age, so I assessed the burial context, superpositioning of the bones, and the nine radiocarbon 
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dates that were obtained from the site. This seems simple, but in reality, the complicated burial 
context at CBR made this rather difficult. To complete this task I composited the sketches and 
notes from the site to create a detailed map in order to discern as many contextual relationships 
as possible. 
 Several factors limited the extent to which I could associate bones with individuals and 
unique burial contexts at CBR. For example, I lacked documentation for the specimens used to 
obtain radiocarbon dates. For example, a radiometric date is given for "Burial 46"; however, 
there are at least five individuals associated with this burial feature. I also found bones that were 
recorded in more than one burial in the field notes, but managed to derive a good understanding 
of the burial context between individuals in burial features and clusters of burial features. 
CONTEXTUAL RELATIONSHIPS 
 The contextual relationships are best described as clusters of burial features. The first 
cluster is made up of Burial 52, 53, 59, and 70a in Operation 1A. As seen in Figure 4, there is a 
very well-articulated individual (Burial 59) in the center that is slightly higher than and 
surrounded by two less articulated individuals (Burials 52 and 70a) that appear to have been 
disturbed by the interment of the individual in Burial 59. There is also a well-articulated 
individual just north of this group (Burial 53) that is approximately 8-cm higher than Burial 59. 
The interment of the individual in Burial 59 most likely disturbed the foot of the individual in 
Burial 53 (CBR Field Notes 2006). This illustrates a clear chronology of burials, with the 
individual in Burial 59 disturbing the other three burials in this area. 
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Table 2: Fluorine Comparisons in Operation 1A 
Burial # Rib Fibula Skull Femur Humerus 
52  1.06% 0.9%  1.36% 
53 0.56% 0.64% 0.63%   
59 0.52% 0.43% 0.56%  0.46% 
70a 0.6% 0.7%  0.68%  
  
 Table 2 illustrates the associated fluorine amounts: every comparison shows the 
individual in Burial 59 as the most recent burial, followed by what is apparently the next best 
articulated individual in the cluster, Burial 53. Burial 70 is described in the field notes and in 
Wrobel's report as "a disarticulated cluster of bones" (Wrobel 2007:7). The burial on the map is 
called Burial 70a because there was more than one individual in this burial feature, but not all 
were tested. On the map, Burial 70 appears to be under and surrounding Burial 59, and perhaps 
comingled with the individual in Burial 52. This suggests that the human remains in Burial 70 
are older than the individual in Burial 52. However, Table 2 shows that the human remains 
sampled from Burial 70a are more recent than Burial 52 and that its disarticulation was caused 
by the interment of the individual associated with Burial 59. 
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Figure 4: Map of Contextual Comparisons in Operation 1A 
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Proceeding in alphabetical order, the next cluster of burials is in Operation 1B (Figure 5). 
This cluster includes Burials 51, 54, 60, 62, 64, 65, and 66. As shown in Figure 3, this cluster is 
similar to Operation 1A where there is a central, well-articulated individual (Burial 62) 
surrounded by less-articulated remains. In fact, Burial 62 is described as being "fantastically 
preserved," featuring elements from the feet to the neck, but lacking the skull (Wrobel 2008:8). I 
interpret this to mean that the individual in Burial 62 was interred after the surrounding burials. 
The fluorine amounts in Table 3 agree, showing the bones in Burial 62 as being considerably 
younger than the surrounding individuals. However, the field notes and Wrobel's report indicate 
that bones associated with Burial 62 were disturbed by Burial 66, and that it is located beneath 
Burials 60 and 65. The new map and lack of skull fragments in the area, and the superior 
preservation of Burial 62, suggest the individual in Burial 62 may have been interred without a 
skull or disturbed in some other manner. 
 
Table 3: Fluorine Comparisons in Operation 1B 
Burial # 51 54 60 62 64 65 66 
Ribs 0.86% 0.59% 0.85% 0.43%    
Fibula  0.75% 1.15%  1.29% 0.74% 0.76% 
Femur  0.59% 0.97%  0.94% 1% 0.8% 
 
Additionally, Burial 54 is located to the south of Burial 60 at approximately the same 
elevation, and is described as possibly disturbing Burial 60. The fluorine amounts are consistent 
with this interpretation. The individual in Burial 54 is also semi-articulated and is located on top 
of the individual in Burial 51. This contextual relationship is also mirrored by the fluorine 
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amounts. The same can be said for the potential disturbance of the individual in Burial 64 by the 
individual in Burial 66. It is important to note that Burial 60 is not to scale and was probably 
farther south than is displayed on this map and should not overlap with Burial 66. 
 
Figure 5: Map of Contextual Comparisons in Operation 1B 
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I only tested the remains of two individuals that had a direct contextual relationship in 
Operation 1E, Burials 83 and 88 (Figure 6). Burial 83 is described as being directly above Burial 
88, and probably in a slightly different location than shown on the map. I was not able to 
accurately define its location using the field notes. In order for both of these burials to maintain 
articulation, Burial 83 must have been interred after Burial 88 without disturbing it completely. 
However, the fluorine amounts are problematic. The results in Table 4 (and Appendix I) show 
significantly different amounts for the same element. Otherwise, the results would have been 
grouped into one result per type of bone. There are several possible explanations: the bone may 
have 1) come from a different individual in the comingled remains in the burial, 2) been 
differentially subject to diagenetic contamination, or resulted from testing errors. Considering 
that Burial 88 is described as partially articulated, it seems likely that these two individuals were 
comingled with each other and perhaps a third individual. This relationship will be revisited later 
when discussing the radiometric results. 
 
Table 4: Fluorine Comparisons in Operation 1E 
Burial # Humerus Humerus Humerus Rib Rib Rib Rib 
83 0.405% 0.705% 0.88%  0.44%   
88 0.51%   0.38% 0.42% 0.55% 0.99% 
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Figure 6: Map of Contextual Comparisons in Operation 1E 
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 The last cluster is in Operation 1F (Figure 7). It consists of Burials 76, 77, 79, and 86. 
This is perhaps the most visually pleasing comparison and is shown in Figure 7. Burial 77 
contains a complete articulated individual, though I could not find a skull in the sketches. The 
individual in Burial 77 lays over Burial 86, which contains the articulated upper body of an 
individual. Burial 86 in turn is disturbed by, and situated underneath, the articulated individual in 
Burial 79. Finally, at the south end of the cluster, an articulated individual called Burial 76 is 
located partially beneath Burial 79. In short, the individuals in Burials 79 and 77 are younger 
than the individual in Burial 86, and the individual in Burial 79 is also younger than the 
individual in Burial 76. This is supported by the fluorine tests with one exception (Table 5). Like 
in Burials 83 and 88, Burial 79 exhibits two very different fluorine amounts. This may result 
from comingling, where bones from two different individuals were tested as the same individual, 
or diagenetic contamination that partially invalidates the results. 
Table 5: Fluorine Comparisons in Operation 1F 
Burial # 76 77 79 86 
Ribs 0.64% 0.43% 0.38%, 0.81% 1.14% 
 
DISCUSSING CONTEXTUAL RELATIONSHIPS 
 If we reject the high fluorine amount found in one of the Burial 79 rib specimens, and 
accept the hypothesis that Burial 62 is more recent than the surrounding burials, 13 of 14 
comparisons make up a relative fluorine dating sequence. On the other hand, the low fluorine 
amount found in Burial 62 comes from one rib fragment and could be the result of comingling 
(i.e., a sampling error). If we simply exclude Burial 62 from consideration, that still leaves ten 
successful tests and one unsuccessful test with Burials 83 and 88. 
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Figure 7: Map of Contextual Comparisons in Operation 1F 
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COMPARING TO RADIOMETRICALLY DATED SPECIMENS  
 The last remaining test for efficacy is to compare fluorine amounts and radiocarbon dated 
specimens. This is a straightforward way of evaluating the usefulness of the fluorine dating 
method, but there are mitigating factors. Comingled bones from multiple individuals are also 
present in the radiocarbon-dated burial specimens, with the potential for the same sampling 
errors as the burials used for the fluorine analysis. I sampled the burials with C14 dates with 
greater frequency, and as a result, potential sampling errors resulting from comingled bones of 
multiple individuals in the same burial is more visible in the radiocarbon dated burials than the 
other burials at the site. It is possible that this variation is the result of diagenesis or some other 
contamination, but considering the efficacy of this test displayed by the contextual relationships, 
I feel that comingling cannot be discounted as a potential factor. 
There are nine burials associated with radiocarbon dates at the Caves Branch 
Rockshelter: Burials 11, 46, 52, 59, 66, 80, 83, 88, and 90. Table 6 shows the correlation 
coefficients for the grouped specimens which are shown in Table 7. The average value for the 
specimens accounts for the instances where more testing was done in some burials than others. 
This also helps compensate for the appearance of multiple individuals like in Burial 46. The 
ungrouped version of these specimens can be found in Appendix IV. There is a statistically 
significant correlation when considering each type of bone separately, with the exception of ribs 
and humerii. In fact the sign of the correlation for these bones is the reverse of what should have 
been. That is as the AD calibrated radiocarbon date becomes smaller, the amount of fluorine 
should increase.  
The statistical comparisons are less important than the contextual comparisons. Instead, 
the radiocarbon dates can potentially be used to create a linear regression equation that will allow 
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us, at least broadly, to equate a fluorine amount with a date. Unfortunately, this should not be 
attempted until more analysis is done to differentiate sampling errors resulting from comingled 
remains or from diagenesis at the site. 
Table 6: Radiocarbon Date to Fluorine Correlations 
Bone 
Coefficient of 
Correlation 
Degrees of 
Freedom 
Critical 
Value 
Femur -0.7128 13 0.514 
Fibula -0.8188 3 0.811 
Humerus 0.0559 15 0.482 
Rib 0.3855 14 0.497 
Skull -0.9820 16 0.468 
 
Table 7: Grouped Fluorine Amounts from Carbon Dated Burials 
Burial AMS 
 
Bone n Stdev CV Grouped 
 11 AD 440 Femur 1 0.086997 12.4888 0.70 
66 AD 170 Femur 3 0.185819 23.17781 0.80 
90 AD 540 Femur 3 0.051571 7.443193 0.69 
46 AD 200 Femur 8 0.11011 10.08274 1.09 
52 AD 250 Fibula 1 0.030325 2.860911 1.06 
59 AD 800 Fibula 2 0.021093 4.943759 0.43 
66 AD 170 Fibula 2 0.082844 10.91185 0.76 
52 AD 250 Humerus 2 0.060668 4.450977 1.36 
59 AD 800 Humerus 3 0.026209 5.739266 0.46 
80 AD 700 Humerus 1 0.101425 5.217973 1.94 
83 AD 500 Humerus 3 0.208776 31.44929 0.66 
88 AD 170 Humerus 2 0.054056 10.53639 0.51 
90 AD 540 Humerus 3 0.102 11.73834 0.87 
46 AD 200 Humerus 3 0.286311 25.01201 1.14 
11 AD 440 Rib 2 0.037164 5.20533 0.71 
59 AD 800 Rib 4 0.059315 11.34706 0.52 
80 AD 700 Rib 1 0.090268 20.50434 1.60 
83 AD 500 Rib 3 0.033176 7.535793 0.44 
88 AD 170 Rib 4 0.253516 49.41433 0.51 
90 AD 540 Rib 2 0.02357 2.712507 0.87 
52 AD 250 Skull 3 0.028539 3.174885 0.90 
59 AD 800 Skull 2 0.083334 14.98737 0.56 
46 AD 200 Skull 16 0.289971 32.335 0.86 
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CONCLUSION 
 The consistency of these results, as well as the similarities of variation and error with 
other fluorine dating attempts, indicate that the method for measuring fluorine was successfully 
performed. The amounts of fluorine in relation to the burial contexts of the human remains 
exhibit strong evidence that supports the efficacy of fluorine dating at CBR and correlation to the 
radiocarbon dates did this to a degree as well. Unfortunately, the test, as it exists in this thesis, is 
lacking in terms of a defined dating resolution. More information about the provenience of 
radiocarbon dated and fluorine dated specimens is needed to differentiate potential sampling 
error from comingled remains and diagenetic fluorine amounts to pursue a high resolution 
fluorine dating attempt. 
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CHAPTER VII 
CONCLUSIONS 
 This chapter relates the CBR fluorine results to the results of other fluorine dating tests in 
terms of error as well as the overall interpretation of the results. I then summarize the results of 
the contextual analysis,  radiocarbon dated specimen analysis, and tests for other environmental 
and contextual correlations. I then compare the outcome of this study as a whole to the outcomes 
of the other fluorine dating attempts, and reiterate and clarify my argument for the utility of this 
method. I also discuss the limitations and errors that are inherent in the burial assemblage from 
CBR and how that has affected the results. I end by recommending ways to improve upon this 
method.  
 When I compare the results of this thesis to other fluorine dating attempts, I find that it is 
unique. Errors are not clearly successes or failures as was the case at Chau Hiix or Tel Halula 
(Wrobel 2007; Guerrero et al. 2011). Rather the comingling of burials at this site creates a 
phenomenon that spawns new concerns about the fluorine dating method. That is, it is hard to 
differentiate diagenetic test results from potential sampling problems. Overall, this test seems to 
be the same in terms of testing error and expected fluorine amounts. Ultimately, it is still 
important to make careful contextual comparisons to seriate burial contexts to supplement data 
from radiometric and other dating techniques. 
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 The contextual approach to demonstrating the efficacy of fluorine dating was successful 
overall, and the number of tests performed should have been large enough to avoid major 
sampling errors. Additionally, the analysis of the variation in the test as well as correlations of 
specimen depth, weight, preservative, testing order, fragmentation, and type of bone have 
demonstrated that the method used for testing fluorine was reasonably sound.  
However, when comparing the fluorine amounts of carbon dated burials, the results are 
more difficult to interpret. This is not surprising when I consider the prevalence of comingled 
human remains at CBR. This issue may be resolved by measuring fluorine directly from the 
fragments of bone that were used for radiocarbon dating. This opportunity may present itself in 
the future. Overall, fluorine dating is an effective, although imperfect, means of chronological 
seriation at CBR. I took great care in sample selection, but questions still remain about which 
individuals were tested. Because of this, I am unable to determine the potential dating resolution 
attainable from fluorine dating at CBR. 
 To improve upon this method I would strongly recommend selecting multiple test 
specimens from every bone that is to be tested in order to account for variation throughout the 
bone, and in the case of disturbed and fragmentary remains, to differentiate bones from distinct 
individuals in comingled burials. Perhaps the best improvement that could be made is to select 
the test specimens during the excavation when the bones are still in the ground. The mixing of 
individuals that occurred at this site during prehistory, as well as the effects of looting, and 
complex taphonomy interpreted in multiple excavations made this a very difficult endeavor. 
 Using the data now available from the site I am able to make a few preliminary 
observations about CBR. To begin, the frequency distribution seen in Figure 7 seems to indicate 
that the site experienced fairly continuous use. It is important to note that almost all dated bones 
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were from individuals that were at least partially articulated. This selection method left out the 
burials that are disarticulated and potentially much older. Fluorine dating may also allow us to 
differentiate between bones of different individuals within a comingled burial feature. This is 
illustrated with a highly comingled burial feature shown in Figure 8. 
 The unique aspects of CBR may uncover more information about the population residing 
at the Xubzulima site, the many other sites in the Caves Branch River Valley, and our 
understanding of Maya culture as a whole. Fluorine dating may be able to reveal temporal 
patterns of mortuary rituals that reflect the social constructs that governed the Maya way of life. 
Reading through the excavation reports from CBR provides many immediate questions that 
fluorine dating may be able to answer. For example, there are several pots that predate burials 
that are nearby. This cheap and fast dating method can allow archaeologists to check for other 
bones in the area that may date to the same era as the pot, or perhaps to conclude that the older 
pot was interred (or perhaps re-interred) with the later burial. 
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Figure 8: Frequency Distribution of Fluorine in Bone at CBR 
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Figure 9: Burial 46 (Fluorine amount increases along a scale from green to red.) 
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# 
Sample 
1 
Sample 
2 
Sample 
3 Avg Stdev CV 
Burial 
# 
Lot 
# OP FS # Bone 
1 0.57 0.58 0.56 0.57 0.0114 2.00 2 
 
u6 
 
rib 
2 0.43 0.42 0.41 0.42 0.0066 1.57 9 
 
u6 
 
rib 
3 0.42 0.40 0.39 0.40 0.0146 3.62 10 
 
u6 
 
rib 
4 0.60 0.72 0.77 0.70 0.0870 12.49 11 
 
u6 
 
femur 
5 0.74 0.75 0.75 0.75 0.0081 1.09 11 
 
u6 
 
rib 
6 0.69 0.69 0.66 0.68 0.0160 2.35 11 
 
u6 
 
rib 
7 0.64 0.63 0.62 0.63 0.0130 2.07 12 
 
u6 2728 rib 
8 1.07 1.06 1.02 1.05 0.0289 2.75 13 
 
u6 2736 rib 
9 0.45 0.51 0.52 0.50 0.0359 7.25 16 
 
a6 
 
rib 
10 0.93 1.01 1.07 1.00 0.0684 6.84 20 
 
u6 2753 rib 
11 0.77 0.72 0.78 0.76 0.0309 4.06 21 
 
u6 2743 rib 
12 0.67 0.63 0.64 0.65 0.0167 2.58 25 
 
u6 2757 rib 
13 0.51 0.51 0.49 0.50 0.0113 2.25 28 
 
u2 
 
rib 
14 0.47 0.40 0.43 0.43 0.0337 7.74 38 76 1a 954 humerus 
15 0.37 0.40 0.42 0.40 0.0226 5.70 39 43 1b 2096 rib 
16 0.53 0.67 0.65 0.62 0.0765 12.40 44 53 1b 2191 rib 
17 0.83 0.91 0.87 0.87 0.0401 4.59 45 93 1a 2285 humerus 
18 0.74 0.69 0.69 0.71 0.0258 3.64 45 93 1a 2289 skull 
19 0.69 0.73 0.68 0.70 0.0243 3.47 47 101 1a 371 rib 
20 0.19 0.19 0.20 0.19 0.0024 1.24 49 101 1a 2287 mandible 
21 0.85 0.89 0.85 0.86 0.0207 2.40 51 109 1b 2149 rib 
22 1.08 1.03 1.07 1.06 0.0303 2.86 52 110 1a 982 fibula 
23 1.41 1.39 1.43 1.41 0.0240 1.70 52 110 1a 982 humerus 
24 1.27 1.35 1.33 1.32 0.0455 3.46 52 110 1a 982 humerus 
25 0.90 0.88 0.88 0.89 0.0092 1.04 52 110 1a 982 skull 
26 0.88 0.89 0.87 0.88 0.0122 1.39 52 110 1a 982 skull 
27 0.91 0.95 0.95 0.93 0.0231 2.48 52 110 1a 982 skull 
28 0.65 0.66 0.66 0.65 0.0037 0.57 53 111 1a 983 fibula 
29 0.76 0.75 0.78 0.76 0.0140 1.84 53 111 1a 983 fibula 
30 0.44 0.53 0.54 0.50 0.0569 11.31 53 111 1a 983 fibula 
31 0.62 0.53 0.52 0.56 0.0542 9.71 53 111 1a 983 rib 
32 0.68 0.67 0.64 0.66 0.0215 3.24 53 111 1a 983 skull 
33 0.54 0.62 0.62 0.59 0.0474 8.02 53 111 1a 983 skull 
34 0.61 0.55 0.62 0.59 0.0382 6.44 54 113 1b 2112 femur 
35 0.78 0.73 0.74 0.75 0.0280 3.74 54 113 1b 2101 fibula 
36 0.59 0.63 0.54 0.59 0.0455 7.75 54 113 1b 2105 rib 
37 0.42 0.42 0.45 0.43 0.0144 3.32 59 120 1a 985 fibula 
38 0.42 0.45 0.39 0.42 0.0286 6.80 59 120 1a 985 fibula 
39 0.42 0.42 0.43 0.43 0.0064 1.49 59 120 1a 985 humerus 
 
74 
40 0.48 0.47 0.49 0.48 0.0120 2.51 59 120 1a 985 humerus 
41 0.45 0.47 0.48 0.47 0.0149 3.19 59 120 1a 985 humerus 
42 0.46 0.46 0.47 0.47 0.0069 1.49 59 120 1a 985 rib 
43 0.48 0.46 0.48 0.47 0.0090 1.90 59 120 1a 985 rib 
44 0.54 0.56 0.54 0.55 0.0118 2.15 59 120 1a 985 rib 
45 0.62 0.60 0.58 0.60 0.0192 3.20 59 120 1a 985 rib 
46 0.49 0.49 0.49 0.49 0.0032 0.66 59 120 1a 668 skull 
47 0.58 0.70 0.59 0.62 0.0627 10.06 59 120 1a 668 skull 
48 0.98 0.99 0.95 0.97 0.0212 2.19 60 121 1b 2170 femur 
49 1.16 1.15 1.13 1.15 0.0160 1.40 60 121 1b 2165 fibula 
50 0.85 0.84 0.86 0.85 0.0101 1.19 60 121 1b 2171 rib 
51 0.40 0.46 0.43 0.43 0.0278 6.46 62 126 1b 2133 rib 
52 0.95 0.96 0.91 0.94 0.0289 3.08 64 129 1b 2041 femur 
53 1.33 1.30 1.23 1.29 0.0489 3.80 64 129 1b 2040 fibula 
54 0.99 1.02 1.00 1.00 0.0122 1.22 65 130 1b 2159 femur 
55 0.72 0.72 0.77 0.74 0.0302 4.09 65 130 1b 2153 fibula 
56 0.69 0.67 0.66 0.67 0.0178 2.65 66 131 1b 2013 femur 
57 1.06 1.00 1.08 1.05 0.0411 3.93 66 131 1b 2013 femur 
58 0.66 0.68 0.72 0.69 0.0312 4.55 66 131 1b 2013 femur 
59 0.86 0.79 0.84 0.83 0.0338 4.07 66 131 1b 2014 fibula 
60 0.72 0.66 0.68 0.69 0.0307 4.45 66 131 1b 2014 fibula 
127 0.68 0.54 0.69 0.64 0.0836 13.07 76 527 1f 310 rib 
61 0.44 0.44 0.40 0.43 0.0215 5.02 77 528 1f 311 rib 
62 0.77 0.86 0.81 0.81 0.0418 5.14 79 532 1f 315 rib 
63 0.38 0.41 0.37 0.39 0.0222 5.71 79 532 1f 315 rib 
64 2.03 1.83 1.96 1.94 0.1014 5.22 80 525 1e 316 humerus 
65 1.66 1.65 1.50 1.60 0.0903 5.63 80 525 1e 316 rib 
66 0.70 0.70 0.71 0.71 0.0048 0.68 83 550 1e 465 humerus 
67 0.41 0.40 0.41 0.41 0.0040 0.98 83 550 1e 465 humerus 
68 0.90 0.86 0.89 0.88 0.0212 2.41 83 550 1e 465 humerus 
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0.40 0.42 0.41 0.0076 1.86 83 550 1e 465 rib 
70 0.49 0.48 0.47 0.48 0.0122 2.53 83 550 1e 465 rib 
71 0.45 0.42 0.43 0.43 0.0159 3.69 83 550 1e 465 rib 
72 1.11 1.19 1.12 1.14 0.0395 3.47 86 549 1f 468 rib 
73 0.49 0.46 0.46 0.47 0.0174 3.71 88 552 1e 470 humerus 
74 0.55 0.60 0.52 0.56 0.0377 6.78 88 552 1e 470 humerus 
75 1.00 0.98 0.99 0.99 0.0122 1.24 88 552 1e 470 rib 
76 0.42 0.42 0.41 0.42 0.0064 1.51 88 552 1e 470 rib 
77 0.38 0.37 0.39 0.38 0.0126 3.31 88 552 1e 470 rib 
78 0.53 0.57 0.56 0.55 0.0228 4.12 88 552 1e 470 rib 
79 0.61 0.69 0.62 0.64 0.0400 6.25 89 554 1f 920 rib 
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80 0.71 0.73 0.74 0.73 0.0163 2.23 90 555 1f 913 femur 
81 0.74 0.69 0.70 0.71 0.0267 3.75 90 555 1f 913 femur 
82 0.64 0.59 0.69 0.64 0.0505 7.91 90 555 1f 913 femur 
83 0.88 0.88 0.88 0.88 0.0000 0.00 90 555 1f 913 humerus 
84 0.74 0.74 
 
0.74 0.0006 0.08 90 555 1f 913 humerus 
85 1.00 0.99 0.96 0.99 0.0212 2.15 90 555 1f 913 humerus 
86 0.55 0.55 0.53 0.54 0.0111 2.06 90 555 1f 913 rib 
87 0.57 0.56 0.60 0.57 0.0214 3.72 90 555 1f 913 rib 
88 0.33 0.32 0.33 0.33 0.0017 0.51 91 559 1e 914 rib 
89 0.31 0.29 0.29 0.30 0.0153 5.15 91 559 1e 914 rib 
90 0.37 0.39 
 
0.38 0.0176 4.65 92 562 1f 471 rib 
91 0.60 0.54 0.53 0.56 0.0382 6.87 14a 
 
u2 
 
rib 
92 0.53 0.58 0.58 0.56 0.0290 5.15 15a 
 
u6 2721 rib 
93 1.23 1.12 1.14 1.16 0.0607 5.21 17b 
 
u6 
 
rib 
94 1.40 1.34 1.37 1.37 0.0286 2.09 35a 50 1a 2295 femur 
95 1.16 1.07 1.19 1.14 0.0606 5.31 42/46c 79 1a 602 femur 
96 1.03 1.10 1.07 1.07 0.0324 3.04 42/46c 79 1a 2415 humerus 
97 1.03 1.05 1.01 1.03 0.0202 1.96 42/46c 72 1a 2422 skull 
98 0.92 0.79 0.79 0.83 0.0735 8.84 42/46c 72 1a 317 skull 
99 0.96 0.85 0.89 0.90 0.0521 5.79 42/46c 79 1a 2419 ulna 
100 1.36 1.54 1.59 1.50 0.1225 8.18 46a 72 1a 2405 humerus 
101 0.94 0.97 0.96 0.96 0.0167 1.74 46a 72 1a 315 skull 
102 1.00 0.96 0.95 0.97 0.0289 2.98 46a 72 1a 315 skull 
103 0.98 1.02 1.04 1.01 0.0347 3.42 46a 72 1a 315 skull 
104 1.01 0.94 
 
0.97 0.0469 4.81 46a 72 1a 2403 tibia 
105 1.09 1.10 1.09 1.09 0.0046 0.42 46b 72 1a 316 skull 
106 1.16 1.18 1.19 1.18 0.0178 1.51 46b 72 1a 316 skull 
107 0.99 1.00 0.97 0.99 0.0160 1.63 46b 72 1a 316 skull 
108 1.25 1.27 1.23 1.25 0.0240 1.92 46b 72 1a 316 skull 
109 0.81 0.87 0.93 0.87 0.0641 7.36 46d 72 1a 610 humerus 
110 0.99 0.99 1.01 0.99 0.0139 1.40 46e 74 1a 375 femur 
111 1.05 1.08 1.09 1.07 0.0212 1.97 46e 74 1a 375 femur 
112 0.99 1.08 1.08 1.05 0.0486 4.63 46e 72 1a 375 femur 
113 0.97 0.91 1.01 0.96 0.0483 5.01 46e 74 1a 375 femur 
114 1.02 1.13 1.09 1.08 0.0549 5.08 46e 72 1a 375 femur 
115 1.06 1.09 1.24 1.13 0.0984 8.72 46e 74 1a 375 femur 
116 1.27 1.31 1.33 1.31 0.0289 2.21 46e 74 1a 375 femur 
117 0.42 0.41 0.44 0.43 0.0135 3.17 46e 72 1a 582 skull 
118 0.53 0.49 0.55 0.52 0.0285 5.46 46e 72 1a 582 skull 
119 0.48 0.48 0.44 0.47 0.0261 5.60 46e 72 1a 582 skull 
120 1.31 1.40 1.32 1.34 0.0483 3.60 46e 72 1a 2306 ulna 
 
76 
121 0.41 0.42 0.41 0.41 0.0088 2.12 46i3 72 1a 582 skull 
122 0.83 0.83 0.80 0.82 0.0180 2.20 56e 114 1a 996-2 femur 
123 0.57 0.60 0.60 0.59 0.0169 2.88 70a 80 1a 1014 rib 
124 0.69 0.67 0.69 0.68 0.0130 1.91 70b 80 1a 1014 femur 
125 0.70 0.72 0.70 0.71 0.0114 1.62 70b 80 1a 1041 fibula 
126 0.56 0.55 0.54 0.55 0.0104 1.90 93b 570 1f 450 Rib 
 
# Notes 
4 Distal midshaft fragment. Preserved with Acryloid B-72.   0.99 g 
14 Taken from midshaft. 
17 Midshaft. 
18 Likely frontal. 
20 1.16 g 
22 20 mm of the whole shaft near the distal end. Right.   1.21g 
28 Right. 0.832 g 
29 Big fibula. Right. 
30 Right.   0.368 g 
32 3.36 g and 0.795 g 
33 Same specimens as 32. 
34 Left midshaft fragment.   0.88 g 
35 Right midshaft fragment.   0.57 g 
37 Long half shaft of midshaft. Left. Preserved with Acryloid B-72. 2.29 g 
38 Long rectangle of midshaft from right fibula. 0.88 g 
43 Same specimen as 42. 
46 0.22 g 
47 0.45 g 
48 Right femur midshaft cut. Preserved with Acryloid B-72. 2.03 g 
49 Right fibula midshaft fragments. Preserved with Acryloid B-72.   2.175 g 
52 Right distal shaft   3.425 g 
53 Fragment. Right. 1.676 g 
54 Right shaft fragment.   3.71 g 
55 Left. Preserved with Acryloid B-72.  1.44 g 
59 Whole midshaft. Preserved with Acryloid B-72.. 1.019 g 
60 Half shaft from distal midshaft. Right. Preserved with Acryloid B-72.   1 g 
64 Midshaft 
65 Fragment 
80 Preserved with Acryloid B-72. 
81 Preserved with Acryloid B-72. 
82 Preserved with Acryloid B-72. 
83 Preserved with Acryloid B-72. 
84 Preserved with Acryloid B-72. 
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94 Midshaft. Preserved with Acryloid B-72. 
99 Taken from midshaft. Preserved with Acryloid B-72. 
100 
Taken from the flat anteromedial surface near the deltoid tuberosity. 
Preserved with Acryloid B-72. 
110 Bone E 
111 Bone F 
113 Bone F 
115 Bone E 
116 Bone E 
125 Right fibula midshaft. Bone C.   0.85 g 
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APPENDIX II: OUTLIERS 
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Outlier 
Sample 
1 
Sample 
2 
Sample 
3 Average 
Burial 
# OP FS # Bone Stdev CV 
1 1.350 1.336 
 
1.343 35 1a 756 rib 0.01 0.73 
2 0.769 0.798 0.782 0.783 46 1a 645 rib 0.01 1.87 
3 0.466 0.412 0.400 0.426 56a/b 1a 636 rib 0.04 8.29 
4 0.440 0.000 0.412 0.284 88 1e 470 rib 0.25 86.74 
5 0.418 0.701 0.346 0.488 57 
 
947 rib 0.19 38.41 
6 0.485 0.761 0.767 0.671 49 1a 638 rib 0.16 24.05 
7 1.108 1.187 0.931 1.075 52 1a 982 humerus 0.13 12.21 
8 0.377 0.559 0.596 0.510 49 1a 2291 humerus 0.12 22.99 
9 0.668 0.881 0.438 0.663 83 1a 465 rib 0.22 33.43 
10 0.753 0.761 0.923 0.812 90 1f 913 rib 0.10 11.80 
11 0.903 0.380 0.375 0.552 59 1a 985 rib 0.30 54.91 
12 0.948 0.767 0.816 0.844 46a 1a 315 rib 0.09 11.06 
13 0.540 0.690 
 
0.615 90 1f 913 rib 0.11 17.23 
14 0.463 0.677 0.363 0.501 88 1e 470 rib 0.16 32.10 
15 1.256 0.974 1.272 1.167 46e 1a 375 femur 0.17 14.37 
16 0.319 1.143 1.012 0.825 46e 1a 375 femur 0.44 53.67 
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APPENDIX III: COMPARISON OF ALL REPEATING BONES
 
81 
Test
# 
Sample 
1 
Sample 
2 
Sample 
3 Avg Stdv CV 
Burial 
# Bone 
 
Avg. Stdev CV 
6 0.69 0.69 0.66 0.68 0.02 2.35 11 rib 
 
0.714 0.0372 5.21 
5 0.74 0.75 0.75 0.75 0.01 1.09 11 rib 
    23 1.41 1.39 1.43 1.41 0.02 1.70 52 humerus 
 
1.363 0.0607 4.45 
24 1.27 1.35 1.33 1.32 0.05 3.46 52 humerus 
    27 0.91 0.95 0.95 0.93 0.02 2.48 52 skull 
 
0.899 0.0285 3.17 
26 0.88 0.89 0.87 0.88 0.01 1.39 52 skull 
    25 0.90 0.88 0.88 0.89 0.01 1.04 52 skull 
    29 0.76 0.75 0.78 0.76 0.01 1.84 53 fibula 
 
0.639 0.1159 18.13 
28 0.65 0.66 0.66 0.65 0.00 0.57 53 fibula 
    30 0.44 0.53 0.54 0.50 0.06 11.31 53 fibula 
    32 0.68 0.67 0.64 0.66 0.02 3.24 53 skull 
 
0.627 0.0513 8.18 
33 0.54 0.62 0.62 0.59 0.05 8.02 53 skull 
    38 0.42 0.45 0.39 0.42 0.03 6.80 59 fibula 
 
0.427 0.0211 4.94 
37 0.42 0.42 0.45 0.43 0.01 3.32 59 fibula 
    39 0.42 0.42 0.43 0.43 0.01 1.49 59 humerus 
 
0.457 0.0262 4.94 
41 0.45 0.47 0.48 0.47 0.01 3.19 59 humerus 
    40 0.48 0.47 0.49 0.48 0.01 2.51 59 humerus 
    45 0.62 0.60 0.58 0.60 0.02 3.20 59 rib 
 
0.523 0.0593 11.35 
44 0.54 0.56 0.54 0.55 0.01 2.15 59 rib 
    42 0.46 0.46 0.47 0.47 0.01 1.49 59 rib 
    43 0.48 0.46 0.48 0.47 0.01 1.90 59 rib 
    47 0.58 0.70 0.59 0.62 0.06 10.06 59 skull 
 
0.556 0.0833 14.99 
46 0.49 0.49 0.49 0.49 0.00 0.66 59 skull 
    57 1.06 1.00 1.08 1.05 0.04 3.93 66 femur 
 
0.802 0.1858 23.18 
56 0.69 0.67 0.66 0.67 0.02 2.65 66 femur 
    58 0.66 0.68 0.72 0.69 0.03 4.55 66 femur 
    59 0.86 0.79 0.84 0.83 0.03 4.07 66 fibula 
 
0.759 0.0828 10.91 
60 0.72 0.66 0.68 0.69 0.03 4.45 66 fibula 
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63 0.38 0.41 0.37 0.39 0.02 5.71 79 rib 
 
0.601 0.2347 39.06 
62 0.77 0.86 0.81 0.81 0.04 5.14 79 rib 
    66 0.70 0.70 0.71 0.71 0.00 0.68 83 humerus 
 
0.664 0.2088 31.45 
67 0.41 0.40 0.41 0.41 0.00 0.98 83 humerus 
    68 0.90 0.86 0.89 0.88 0.02 2.41 83 humerus 
    71 0.45 0.42 0.43 0.43 0.02 3.69 83 rib 
 
0.444 0.0332 7.47 
70 0.49 0.48 0.47 0.48 0.01 2.53 83 rib 
    69 
 
0.40 0.42 0.41 0.01 1.86 83 rib 
    74 0.55 0.60 0.52 0.56 0.04 6.78 88 humerus 
 
0.513 0.0541 10.54 
73 0.49 0.46 0.46 0.47 0.02 3.71 88 humerus 
    75 1.00 0.98 0.99 0.99 0.01 1.24 88 rib 
 
0.586 0.2535 43.28 
78 0.53 0.57 0.56 0.55 0.02 4.12 88 rib 
    77 0.38 0.37 0.39 0.38 0.01 3.31 88 rib 
    76 0.42 0.42 0.41 0.42 0.01 1.51 88 rib 
    81 0.74 0.69 0.70 0.71 0.03 3.75 90 femur 
 
0.693 0.0516 7.44 
82 0.64 0.59 0.69 0.64 0.05 7.91 90 femur 
    80 0.71 0.73 0.74 0.73 0.02 2.23 90 femur 
    85 1.00 0.99 0.96 0.99 0.02 2.15 90 humerus 
 
0.885 0.1020 11.53 
84 0.74 0.74 
 
0.74 0.00 0.08 90 humerus 
    83 0.88 0.88 0.88 0.88 0.00 0.00 90 humerus 
    87 0.57 0.56 0.60 0.57 0.02 3.72 90 rib 
 
0.558 0.0236 4.22 
86 0.55 0.55 0.53 0.54 0.01 2.06 90 rib 
    89 0.31 0.29 0.29 0.30 0.02 5.15 91 rib 
 
0.311 0.0187 6.00 
88 0.33 0.32 0.33 0.33 0.00 0.51 91 rib 
    97 1.03 1.05 1.01 1.03 0.02 1.96 42/46c skull 
 
0.930 0.1178 12.67 
98 0.92 0.79 0.79 0.83 0.07 8.84 42/46c skull 
    101 0.94 0.97 0.96 0.96 0.02 1.74 46a skull 
 
0.980 0.0360 3.68 
102 1.00 0.96 0.95 0.97 0.03 2.98 46a skull 
    103 0.98 1.02 1.04 1.01 0.03 3.42 46a skull 
    105 1.09 1.10 1.09 1.09 0.00 0.42 46b skull 
 
1.126 0.1038 9.22 
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108 1.25 1.27 1.23 1.25 0.02 1.92 46b skull 
    107 0.99 1.00 0.97 0.99 0.02 1.63 46b skull 
    106 1.16 1.18 1.19 1.18 0.02 1.51 46b skull 
    114 1.02 1.13 1.09 1.08 0.05 5.08 46e femur 
 
1.085 0.1147 10.57 
112 0.99 1.08 1.08 1.05 0.05 4.63 46e femur 
    110 0.99 0.99 1.01 0.99 0.01 1.40 46e femur E 
    115 1.06 1.09 1.24 1.13 0.10 8.72 46e femur E 
    116 1.27 1.31 1.33 1.31 0.03 2.21 46e femur E 
    113 0.97 0.91 1.01 0.96 0.05 5.01 46e femur F 
    111 1.05 1.08 1.09 1.07 0.02 1.97 46e femur F 
    117 0.42 0.41 0.44 0.43 0.01 3.17 46e skull 
 
0.472 0.0469 9.96 
119 0.48 0.48 0.44 0.47 0.03 5.60 46e skull 
    118 0.53 0.49 0.55 0.52 0.03 5.46 46e skull 
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APPENDIX IV: UNGROUPED RADIOCARBON DATED SPECIMENS 
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# Sample 1 Sample2 Sample3 Average Burial # Bone AMS Date 
4 0.60 0.72 0.77 0.70 11 femur AD 440 
56 0.69 0.67 0.66 0.67 66 femur AD 170 
57 1.06 1.00 1.08 1.05 66 femur AD 170 
58 0.66 0.68 0.72 0.69 66 femur AD 170 
80 0.71 0.73 0.74 0.73 90 femur AD 540 
81 0.74 0.69 0.70 0.71 90 femur AD 540 
82 0.64 0.59 0.69 0.64 90 femur AD 540 
95 1.16 1.07 1.19 1.14 42/46c femur AD 200 
110 0.99 0.99 1.01 0.99 46e femur AD 200 
111 1.05 1.08 1.09 1.07 46e femur AD 200 
112 0.99 1.08 1.08 1.05 46e femur AD 200 
113 0.97 0.91 1.01 0.96 46e femur AD 200 
114 1.02 1.13 1.09 1.08 46e femur AD 200 
115 1.06 1.09 1.24 1.13 46e femur AD 200 
116 1.27 1.31 1.33 1.31 46e femur AD 200 
22 1.08 1.03 1.07 1.06 52 fibula AD 250 
37 0.42 0.42 0.45 0.43 59 fibula AD 800 
38 0.42 0.45 0.39 0.42 59 fibula AD 800 
59 0.86 0.79 0.84 0.83 66 fibula AD 170 
60 0.72 0.66 0.68 0.69 66 fibula AD 170 
23 1.41 1.39 1.43 1.41 52 humerus AD 250 
24 1.27 1.35 1.33 1.32 52 humerus AD 250 
39 0.42 0.42 0.43 0.43 59 humerus AD 800 
40 0.48 0.47 0.49 0.48 59 humerus AD 800 
41 0.45 0.47 0.48 0.47 59 humerus AD 800 
64 2.03 1.83 1.96 1.94 80 humerus AD 700 
66 0.70 0.70 0.71 0.71 83 humerus AD 500 
67 0.41 0.40 0.41 0.41 83 humerus AD 500 
68 0.90 0.86 0.89 0.88 83 humerus AD 500 
73 0.49 0.46 0.46 0.47 88 humerus AD 170 
74 0.55 0.60 0.52 0.56 88 humerus AD 170 
83 0.88 0.88 0.88 0.88 90 humerus AD 540 
84 0.74 0.74 
 
0.74 90 humerus AD 540 
85 1.00 0.99 0.96 0.99 90 humerus AD 540 
96 1.03 1.10 1.07 1.07 42/46c humerus AD 200 
100 1.36 1.54 1.59 1.50 46a humerus AD 200 
109 0.81 0.87 0.93 0.87 46d humerus AD 200 
5 0.74 0.75 0.75 0.75 11 rib AD 440 
6 0.69 0.69 0.66 0.68 11 rib AD 440 
42 0.46 0.46 0.47 0.47 59 rib AD 800 
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43 0.48 0.46 0.48 0.47 59 rib AD 800 
44 0.54 0.56 0.54 0.55 59 rib AD 800 
45 0.62 0.60 0.58 0.60 59 rib AD 800 
65 1.66 1.65 1.50 1.60 80 rib AD 700 
69 
 
0.40 0.42 0.41 83 rib AD 500 
70 0.49 0.48 0.47 0.48 83 rib AD 500 
71 0.45 0.42 0.43 0.43 83 rib AD 500 
75 1.00 0.98 0.99 0.99 88 rib AD 170 
76 0.42 0.42 0.41 0.42 88 rib AD 170 
77 0.38 0.37 0.39 0.38 88 rib AD 170 
78 0.53 0.57 0.56 0.55 88 rib AD 170 
86 0.55 0.55 0.53 0.54 90 rib AD 540 
87 0.57 0.56 0.60 0.57 90 rib AD 540 
25 0.90 0.88 0.88 0.89 52 skull AD 250 
26 0.88 0.89 0.87 0.88 52 skull AD 250 
27 0.91 0.95 0.95 0.93 52 skull AD 250 
46 0.49 0.49 0.49 0.49 59 skull AD 800 
47 0.58 0.70 0.59 0.62 59 skull AD 800 
97 1.03 1.05 1.01 1.03 42/46c skull  AD 200 
98 0.92 0.79 0.79 0.83 42/46c Skull AD 200 
101 0.94 0.97 0.96 0.96 46a skull AD 200 
102 1.00 0.96 0.95 0.97 46a skull AD 200 
103 0.98 1.02 1.04 1.01 46a skull AD 200 
105 1.09 1.10 1.09 1.09 46b skull AD 200 
106 1.16 1.18 1.19 1.18 46b skull AD 200 
107 0.99 1.00 0.97 0.99 46b skull AD 200 
108 1.25 1.27 1.23 1.25 46b skull AD 200 
117 0.42 0.41 0.44 0.43 46e skull AD 200 
118 0.53 0.49 0.55 0.52 46e skull AD 200 
119 0.48 0.48 0.44 0.47 46e skull AD 200 
121 0.41 0.42 0.41 0.41 46i3 skull AD 200 
104 1.01 0.94 
 
0.97 46a tibia AD 200 
99 0.96 0.85 0.89 0.90 42/46c ulna AD 200 
120 1.31 1.40 1.32 1.34 46e ulna AD 200 
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APPENDIX V: BONES TESTED FOR WEIGHT CORRELATION
 
88 
# Burial Bone Weight %F 
22 52 fibula 1.21 1.06 
38 59 fibula 0.88 0.42 
37 59 fibula 2.29 0.43 
47 59 skull 0.45 0.62 
46 59 skull 0.22 0.49 
60 66 fibula 1 0.69 
32 53 skull 3.36 0.66 
33 53 skull 0.8 0.59 
29 53 fibula 2.78 0.76 
28 53 fibula 0.83 0.65 
30 53 fibula 0.37 0.50 
125 70b fibula 0.85 0.71 
59 66 fibula 1.02 0.83 
35 54 fibula 0.57 0.75 
34 54 femur 0.88 0.59 
49 60 fibula 2.17 1.15 
48 60 femur 2.03 0.97 
53 64 fibula 1.68 1.29 
52 64 femur 3.42 0.94 
55 65 fibula 1.44 0.74 
54 64 femur 3.71 1.00 
4 11 femur 0.99 0.70 
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